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ABSTRACT
Development of a Tailored Flight Test Approach for Small Unmanned Aircraft Systems
Neil Alexander Wolfe

This document contains the details of a study conducted to determine an effective
performance flight test approach specifically for small Unmanned Aircraft Systems (sUAS). This
was done by taking proven procedures and documentation from the FAA and the Air Force for
manned aircraft and tailoring them specifically for use with sUAS flight test programs. A ‘sUAS
Flight Testing Handbook’ was created from the proceedings to aid commercial organizations and
recreational developers conducting sUAS research without access to flight test experience. A
performance flight test program was conducted with the AeroVironment RQ-20 Puma sUAS using
the developed approach to verify that the ‘sUAS Flight Test Handbook’ was effective at guiding
the test program safely and effectively. The development of the handbook, the results of the
Puma Flight Test Program (PFTP), and the instructional ‘sUAS Flight Test Handbook’ itself are
detailed throughout this report. The handbook includes a set of recommendations developed from
experience with the PFTP that apply to both commercial and recreational developers of sUAS. A
set of documentation is also provided in the form of instructional templates that plan the test
program, report the results, and allow sUAS performance flight testing to be carried out safely
and effectively.

Keywords: sUAS, handbook, AeroVironment, instructional, templates, recommendations, flight
test, performance, commercial, recreational
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Chapter 1
INTRODUCTION

1.1 Statement of Problem
As of 2019, small Unmanned Aircraft Systems (sUAS) are becoming popular and viable tools
to solve everyday problems facing humans across the world. They promise a more efficient
alternative to existing methods and have become the focus of many different research and
product development studies across various industries. However, the success of any system
hinges on its ability to perform as required by the end user. In the manned aircraft industry, an
intensive flight test program is used to determine performance characteristics and certify an
aircraft as safe for flight. Though many users of sUAS are fundamentally different than the users
manned aircraft, the method of determining aircraft performance from a flight test program is very
similar. Unfortunately, many of the smaller organizations attempting to research and develop
sUAS do not have the flight test experience or personnel required to conduct an informative flight
test program. Because of this, important performance metrics go untested, FAA regulations may
be overlooked, and safety considerations are ignored. This risks the delivery of an unsatisfactory
product, the loss of the test aircraft, and/or safety of the operation which jeopardizes the success
of the entire sUAS development. Due to the lack of public documentation available, the sUAS
industry is in express need of a generic flight test handbook to mitigate the above risks.
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1.2 Abbreviations and Acronyms
Table 1: Abbreviations and Acronyms
Term

Definition

AFL

Autonomous Flight Lab

ALT

Refers to Puma’s Altitude Holding Mode.

ATC

Air Traffic Control

AVO

Air Vehicle Operator

Cal Poly

California Polytechnic State University,
San Luis Obispo

EFR

Educational Flight Range

FAA

Federal Aviation Administration

GCS

Ground Control Station

GPS

Global Positioning System

KTAS

Knots True Airspeed

Li-Po

Lithium-Polymer

MO

Mission Observer

MOE

Measure of Effectiveness

NAS

National Airspace System

NATO

North Atlantic Treaty Organization

NAV

Refers to Puma’s Navigation Mode

NOTAM

Notice to Airmen

Part 107

Refers to the FAA’s AC 107-2 [1]

PFTP

Puma Flight Test Program

PIC

Pilot in Command

SBP

San Luis Obispo County Regional Airport

sUAS

small Unmanned Aircraft System

UAV

Unmanned Aerial Vehicle

V/STOL

Vertical/Short Takeoff and Landing

VO

Visual Observer

VTOL

Vertical Takeoff and Landing
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1.3 Purpose of Study
Advancements in technology such as high capacity Lithium Polymer (Li-Po) batteries and
autonomous flight controllers have allowed sUAS the capability to fill niche spots in the
commercial industry that cannot be substituted by ground equipment or manned aircraft. Many
large companies like AeroVironment, Swift, and Amazon have noticed the potential for growth in
this regard and are actively designing systems that can compete in the commercial sUAS
industry. Smaller organizations are also active in the industry but often don’t have the same
amount of resources or experience in aerospace to aid in safely and effectively producing an
unmanned system. Whether it be research for a university, or product development for a nonaerospace focused company, it is the tendency of the general population to assume that ‘drones’
are a much simpler, less expensive, and less complex system to operate than a manned aircraft
counterpart. While this is sometimes true, even when flying small ‘drones’, operational risks much
like those posed by manned aircraft become relevant with their use. ‘Drone’ is a term that is
generally used to describe any type of vehicle that can be remotely operated. A term that is better
suited to refer specifically to unmanned aircraft is ‘UAS’ or Unmanned Aircraft Systems. The
Federal Aviation Administration (FAA) designates remote aircraft below 55.5 pounds as ‘sUAS’
(small Unmanned Aircraft Systems). Any system that takes flight makes use of sharing the
National Airspace System (NAS) with all other aircraft present which poses a risk to navigation for
both manned and unmanned aircraft. Unmanned aircraft also pose similar risks to the
environment, to the general public, and to property as do manned aircraft. The manned aircraft
industry has proven its ability to maintain an exceptional safety record while facing these risks
through mandatory flight test and certification of commercially used aircraft. This suggests that in
order to achieve the same level of safety, unmanned aircraft would benefit unconditionally from
undergoing the same process before being used commercially and even recreationally.
Generally, this sentiment is not realized by organizations unfamiliar with the aerospace industry.
The FAA however, has realized the similarity in risk between using manned and unmanned
aircraft and published Advisory Circular 107-2 [1] (AC 107-2) in 2016 which permits the use of
sUAS commercially under certain operational regulations. However, as of 2019 the FAA has not
3

published any certification standards or flight test handbooks to aid those entering the sUAS
industry. In fact, background detailed in Chapter 2 uncovered a distinct lack of sUAS flight test
procedures available from any public source.
Flight test not only determines if an aircraft is safe for use, but it also provides the producing
entity with valuable information that determines if the aircraft meets the original requirements it
was created to achieve. A product that doesn’t meet its original design requirements is likely to
fail in any aspect of the commercial industry and this can be disastrous, especially for small
businesses and organizations. Many of these smaller organizations attempting to enter the sUAS
industry do not have the flight-testing experience required to run an effective and informative flight
test program. With no public resources available to address this problem, these organizations are
left with no structured flight test method to verify safety and capability specifically for small
Unmanned Aircraft Systems. Both the civilian and military manned aircraft industries have
followed a standard performance flight test approach that has proven safe and effective for many
years. However, much of this approach is focused on characteristics of manned aircraft and
certification that are usually irrelevant to the operation of sUAS. Without experience in an sUAS
focused test program, it becomes difficult to determine what information from these sources is
relevant and useful. A logical course would be to selectively choose relevant features from the
manned flight test industry while applying it to a real sUAS test program.
The purpose of this study is to provide small businesses and organizations lacking a flight
test background with a standard approach that is tailored for sUAS and allows them to conduct
safe and effective flight tests leveraging experience from years of success in the manned
industry. With this study, organizations will then be able to verify that their aircraft exhibits safe
handling characteristics and has the desired performance characteristics to make it a viable
commercial product. In the likely event that the FAA eventually publishes certification standards
for commercial sUAS, companies using this approach will then have a practical method for
certifying their aircraft. The use of this study can even be extended to recreational remote-control
enthusiasts when first flying new aircraft that have been homebuilt or purchased. The result is a
multi-purpose flight test ‘handbook’ tailored specifically for commercial sUAS programs with
4

caveats for individual recreational flight test that is valid for any aircraft type. The intent is to
provide a public resource that aids in pushing the sUAS industry and regulation of it down the
same path the manned aircraft industry has followed. This will ideally assist in relaxing
operational regulations and reducing risk, therefore giving sUAS a much wider range of utility for
the commercial industry.

1.4 Study Approach
As mentioned above, a logical way to create a sUAS performance flight test approach is to
take proven documents from the manned aircraft flight test industry and apply them to a real
sUAS test program. There are many publicly available documents that describe procedures
recommended by both the FAA and the United States Air Force. A detailed review of all the
documents considered in this study can be found in Chapter 2. The relevant information provided
by the background research of this study was used to develop sUAS specific flight test document
templates, the process of which is detailed in Chapter 3. A generic sUAS performance flight test
‘Handbook’ was constructed to be valid for any aircraft type which can be found in Chapter 4. The
Autonomous Flight Lab (AFL) on campus is a great resource for sUAS flight test and possesses a
variety of sUAS that it regularly uses as test platforms. The documents described in Chapter 3 will
then be verified through the flight test of a sUAS with the AFL, the results of which are described
in Chapter 5. The details of how the test program with the AFL proceeded are included below.
1.4.1

The Autonomous Flight Lab

The Autonomous Flight Lab is an organization at Cal Poly that conducts UAS flight test
research for a variety of clients. The AFL has a great deal of expertise in this area and employs
multiple Student Assistant Flight Test Engineers making it the best fit resource available to aid in
developing this study. It possesses a variety of unmanned aircraft including helicopters,
conventional fixed wing aircraft, and VTOL (Vertical Takeoff and Landing) fixed wing aircraft that
it uses on a regular basis. The aircraft inventory represents some of the most advanced UAS in
both the commercial and military industry. The AFL typically operates under the regulations of AC
5

107-2 depending on the needs of their clients which again falls in-line with the purpose of this
study. Due to these factors, the relevant information found in Chapter 2 will be applied to a sUAS
test program conducted in close cooperation with the AFL and will feature one of the aircraft in
their inventory. The aircraft chosen for this study is the AeroVironment RQ-20 Puma which is
described in detail below.
1.4.2

The AeroVironment RQ-20 Puma

The AeroVironment RQ-20 Puma is a 15-pound fixed wing sUAS designed to provide a
rapidly deployable aerial surveillance, reconnaissance, and intelligence gathering platform for the
United States Army. The Puma, pictured below, is a unique aircraft in many different aspects of
its operation.

Figure 1: The Cal Poly AFL AeroVironment RQ-20 Puma Test Aircraft.
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It is designed ruggedly to withstand persistent use in battlefield scenarios. It features a single
electric motor with collapsing propellers and only rudder and elevator control surfaces. It can be
swiftly assembled and hand launched on the battlefield to provide surveillance for up to 2.5 hours.
It has a maximum radio control range of 12.4 miles. The Puma can fly at a maximum speed of 45
knots and has a 9.2-foot wingspan. The fuselage, wing, and control surfaces are made of
composite materials. When the Puma needs to be recovered, instead of landing like a
conventional aircraft, it performs a pitch-up maneuver that puts it into a deep stall. With help from
the flight controller, the low wing loading of the Puma allows it to stall in a controlled manner and
impact the ground a short distance from where the command to land was initiated. It is designed
to survive this impact and continue to be operational. The main wing and elevator frequently
detach on impact to absorb the excess energy and protect the elevator control surface from
damage. This further facilitates its use on the battlefield where there is typically a lack of long
smooth surfaces to land an aircraft conventionally.
The Puma can fly in three different flight modes; Manual, Altitude, and Navigation Mode. In
Manual Mode, the input from the handheld transmitter is mixed by the flight controller to provide
full flight control from with the rudder and elevator. In Altitude Mode, the Puma uses its on-board
sensors to maintain a set altitude while responding to directional changes from the user. In
Navigation Mode, up to 4 waypoints may be set via the ground station computer which the Puma
will fly autonomously until the flight mode is changed.
The Puma has a large array of on-board sensors that provide vital information to the pilot and
the flight controller. The main sensors on-board include a GPS unit that reports coordinate
location and altitude, a pitot-static system that reports velocity and the wind vector, and a voltage
sensor that determines battery capacity. The information from these sensors can be logged by
the on-board data recorder once per minute. This information is also display on the pilot’s hand
controller, and the computer ground station.
To conduct surveillance, the Puma has a multipurpose camera payload mounted on a gimbal
that can be rotated to focus on a target. Video is transmitted to the hand controller for the pilot to
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view. To rotate the camera, it first must be deployed from within the fuselage that protects it on
landing. The payload bay is modular and can be equipped with various payloads.
The AFL has used the Puma on many occasions and is well trained to provide support of its
performance flight test. Because of the Puma’s unique operational characteristics and on-board
sensor array, it provided a suitable platform for deriving a generic approach for performance
sUAS flight testing. Its rugged design makes it an appropriate subject for extensive flight testing
and will be the sole aircraft used in this study to determine the relevant information to use from
the manned aircraft industry. The AFL granted permission to test the Puma and pledged support
of its operation while this study was conducted.
1.4.3

The California Polytechnic State University Educational Flight Range

Choosing a suitable location for testing activities is vital for maintaining the safety of any flight
test activity. For the purposes of this study the location must be compatible with AC 107-2 [1]
regulation. The Cal Poly Educational Flight Range (EFR) is a parcel of land near Cuesta College
that has been built explicitly for the purposes of flying and testing sUAS. It features a weather
station, preparation tables, battery charging power, fire extinguishers, first aid, a runway, and
helipad. It is located outside of the San Luis County Regional Airport (SBP) Class D airspace
which allows remote aircraft to be flown without requesting permission from Air Traffic Control
(ATC). ATC is aware of the activity at the EFR and issues warnings to pilots in the airspace
surrounding SBP. The airspace of the flight range is above grass fields and hills situated away
from any uninvolved persons. Access to the EFR is restricted to those conducting aerospace
research at Cal Poly and members of the San Luis Obispo Recreational Flyers Club. University
research is given priority over any recreational flying. The combination of these factors makes the
EFR the best suited location for the flight test activities to be performed as part of this study. All
performance flight test with the RQ-20 Puma will be conducted at the Cal Poly EFR.
1.4.4

Performance Test Requirements

The RQ-20 Puma was likely extensively tested by AeroVironment prior to production because
it was intended to meet the requirements of the United States Army. This allowed AeroVironment
8

to deliver a satisfactory product and list performance specifications in the Puma user manual.
However, the manual is missing some aircraft performance characteristics that could be useful to
the AFL team as they use the Puma in the future. A range of applicable performance flight tests
were determined by considering how the Puma operates during its mission. The tests described
below serve to confirm the performance AeroVironment claims for the Puma and to provide
additional useful information not included in the user manual.
•

Maximum Climb Rate: A typical test conducted for manned aircraft to determine the
maximum rate of climb achievable. Specification for this performance metric is not listed in
the Puma’s user manual but is useful if the Puma is used for higher altitude surveillance.
Since no specification is given, a relaxed maximum climb rate requirement was created for
the test: The Puma shall have a maximum rate of climb greater than 100 feet per minute.

•

Deep Stall Glide Ratio: This is an sUAS/Puma specific test as it involves a purposeful deep
stall of the aircraft that results in a controlled glide/fall and impact with the ground as a
landing maneuver. AeroVironment has stated that the ratio is 1:1, which allows the aircraft to
land nearby the operator in places without paved surfaces for a standard landing. This is a
useful metric because it will allow the AFL to better determine where the Puma will land when
the sequence is initiated. A requirement was created from the ratio stated by AeroVironment:
The Puma shall have a deep stall glide ratio of 1:1.

•

Maximum Level Speed: A typical test conducted for manned aircraft to determine the
maximum speed achievable while the aircraft is trimmed for level flight. This information is
useful if the Puma needs to reach a waypoint within a certain time or needs to track a moving
target. The Puma’s user manual specifies a maximum speed of 45 KTAS. A requirement was
created to emulate what the actual requirement may have been: The Puma shall have a
maximum level speed of greater than 40 KTAS.

•

Endurance: A typical test conducted for manned aircraft to determine the maximum time the
aircraft can stay aloft. This information is useful for the Puma because it is intended to
provide long range surveillance and reconnaissance capabilities for which a long endurance
is vital. The Puma User Manual specifies the general endurance of the aircraft to be 2 to 3
9

hours. A requirement was created from the specified endurance: The Puma shall have an
endurance of 2.5 hours.
•

Position Keeping Error: This is a test for unmanned aircraft that rely on GPS for positioning.
This is a useful metric because the Puma is capable of following flight plans autonomously
via GPS and needs to fly within a certain distance of its planned waypoints to have effective
surveillance capabilities. There is no specified requirement for this metric so one was created
for the test program: The Puma shall have a Longitudinal and Latitudinal GPS accuracy +/10 feet.

•

Altitude Holding Error: This is a test for both manned and unmanned aircraft with autopilots.
This is a useful metric for the Puma because it can follow autonomous flight plans in
Navigation (NAV) mode and can hold its altitude in Altitude (ALT) mode. It needs to fly at its
commanded altitude to provide effective surveillance capabilities. There is no specified
requirement for this metric so one was created for the test program: The Puma shall have an
altitude keeping accuracy of +/- 20 feet AGL.

1.4.5

Measures of Effectiveness

The requirements above become Measures of Effectiveness (MOEs) for the test program. A
MOE, as defined by the ‘Air Force Test & Evaluation Guidebook’ [5], “is a qualitative or
quantitative measure of a system's performance or a characteristic that indicates the degree to
which it performs the task or meets a requirement under specified conditions. MOEs should be
established to measure the system’s capability to produce or accomplish the desired result”.
These are used to track whether a system is meeting its requirements and will be an effective
solution. The MOEs to be quantified in this study come from the above requirements and result in
the following six metrics.
•

Maximum Climb Rate (feet per minute)

•

Deep Stall Glide Ratio (ratio)

•

Maximum Level Speed (KTAS)

•

Endurance (minutes)
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•

Position Keeping Error (feet)

•

Altitude Keeping Error (feet)
The above MOEs were quantified with two different flight test designs. Each test design

allows for the quantification of 3 MOEs per flight to increase the efficiency of the program. Each
test was conducted 3 times for repeatability. The first test was named the Climb/Glide/Speed test
and the flight profile is included in the figure below. This profile was also run three times per test
which resulted in nine total repeats of each MOE. The stabilize portion of the profile returns the
aircraft to steady, level flight so that the next MOE could be quantified.

Figure 2: Flight profile for the Climb/Glide/Speed Test.

The other test designed was named the Endurance/Position/Altitude Test. An overhead view
of the approximate flight plan used is included in the figure below. Because the aircraft endurance
was 2-3 hours, the Endurance MOE could only be quantified once per test with three total
repeats. The Puma flew this flight path approximately 50-80 times per flight which allowed for the
repeated collection of Position and Altitude data at the Recorded Data Point in orange. The Puma
flight planner only allows 4 waypoints to be placed which forms a quadrilateral. This flight plan
was chosen to allow the aircraft to fly directly through the Recorded Data Point so that the
Position and Altitude MOEs could be accurately quantified.
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Figure 3: Overhead approximate flight plan for the Endurance/Position/Altitude Test.

A table representing all the tests completed as part of the Puma Flight Test Program is
included below to show the extent of the testing and repeatability completed.

Table 2: Test Matrix for the Puma Flight Test Program.
Test Name

Test #

Date

Runs/Repeats

Climb/Glide/Speed

Test 1

5/17

Run 1, Run 2, Run 3

Test 2

6/26

Run 4, Run 5, Run 6

Test 3

7/11

Run 7, Run 8, Run 9

Test 1

7/17

Position/Altitude
Repeats: 20

Test 2

7/26

Position/Altitude
Repeats: 20

Test 3

8/01

Position/Altitude
Repeats: 20

Endurance/Position/Altitude
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1.4.6 Approach Documentation
The sUAS flight test approach being constructed in this study will primarily consist of a set of
documents to help guide an organization in effectively planning, conducting, and reporting flight
test activities as part of a flight test program. The documents will be created using templates
provided by public military sources and will be tailored for use with sUAS through documentation
from the FAA and a sUAS flight test program in conjunction with the AFL. The documents will
then be turned into templates with recommendations for sUAS programs and will form the main
part of a performance flight test ‘handbook’. The handbook will also be supplemented with
recommendations tailored from FAA documents and derived from the sUAS test program. This
handbook should provide a valuable and effective resource for organizations attempting to
research/develop sUAS without flight test experience. A detailed explanation of the chosen
documents and their purpose can be found in Chapter 3 of this thesis study.
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Chapter 2
BACKGROUND

This study includes a review of literature on unmanned aircraft and flight test doctrine in order
to determine the suitability of the topic and establish an approach that can be derived from
manned flight testing. Many organizations are attempting to research and develop sUAS solutions
to solve commercial problems and increase the efficiency of certain operations. However, many
of the organizations showing interest in the industry are not explicitly aerospace focused. Small
UAS are aircraft that weigh less than 55.5 pounds and fit under the new FAA Part 107 regulations
mentioned later in this chapter. Outside of commercial applications, the homebuilt remote-control
industry is also growing and is a common hobby for people across many countries, ages, and
genders. Testing an aircraft before it is put to use is one of the most important steps in the
process because it determines whether the system is performing as intended, if it is an effective
solution to the problem being posed, and if it is safe to operate. Unlike the manned aircraft
industry, there is a significant lack of standard, structure, and efficiency in the flight-testing
process of sUAS. For remote control hobbyists, this is likely because the aircraft are viewed as
inexpensive with a high turnover rate which would make structured flight testing impractical. In the
commercial industry, UAS are still a developing concept and an effective flight test doctrine has
not yet been established for generic UAS. It can also be difficult to find personnel with sUAS flight
test experience. Due to this deficiency, it is envisioned that creating an adaptable sUAS flight test
approach for these two industries would be a beneficial and worthwhile thesis topic to pursue.

2.1 The Civil Aircraft Industry
As sUAS become less expensive to buy/develop and more capable, the industry will only
increase in size. Currently there is a large push to develop sUAS for commercial use, especially
in the agriculture industry. The FAA is rapidly adjusting to this demand and has recently released
a set of regulations that apply specifically to remote pilots of small aircraft which allows them to
use the NAS and ensure safety across both manned and unmanned platforms. The rules are
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detailed in the FAA’s ‘Advisory Circular 107-2 (AC 107-2)’ [1] and referred to as the Small UAS
Rule (Part 107). It is the official rating needed for remote pilots to fly commercial sUAS for
monetary gain. This is good news for the commercial UAS industry because it means the
operation of unmanned aircraft is being considered similar to that of manned aircraft. It has made
the process of flying sUAS much easier for businesses and encourages them to explore the
possibilities of unmanned flight. Part 107 covers sUAS remote pilot in command certification,
responsibilities, aircraft requirements, and defines operational limitations. The certification
specified by Part 107 is only pilot specific and does not address the aircraft being flown. A Part
107 certification requires that a pilot pass an initial aeronautical knowledge test and be vetted by
the Transportation Safety Administration. This will be mentioned in a section relevant to crew
responsibility and management for commercial sUAS flight testing applications. Pilot
responsibilities include doing a pre-flight check and the only regulation requirement is that the
airworthiness of the platform be maintained. This includes checking propeller integrity, wiring
connections, mechanical connections, radio connections, and battery levels. These checks will be
vital to complete for both independent and commercial sUAS operator and therefore is of high
importance to cover in this study. Part 107 requirements about operational limitations to altitude,
speed, airspace, etc. will be used to guide the test process as commercial sUAS must conform to
these rules. It would be beneficial for recreational users to follow these rules also. Considering
this, sUAS should be treated similar to a manned aircraft that must go through a rigorous flighttesting process before it can be certified and sold for public use or transport. This ensures the
safety of the users and verifies that the initial design requirements are being met. These are
qualities not just important for manned aircraft but also for sUAS in order to be considered as
viable commercial products.
The flight-testing process is usually left to the manufacturer of an aircraft and this is where
the sUAS industry is lacking. The manned industry generally follows the same basic procedure
for flight testing most aircraft because it has become a safe and well-established process. The
FAA has provided the typical procedure for flight testing amateur-built aircraft and ultralights in
Advisory Circular 90-89B (AC 90-89B) titled ‘Amateur-Built Aircraft and Ultralight Flight Testing
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Handbook’ [2]. They have not, however, created any such manual or documentation pertaining to
the flight testing of unmanned aircraft which explains why there is no industry standard for much
smaller aircraft with no pilot. Luckily, the procedure for flight-testing amateur-built and ultralight
aircraft can be easily adapted and this document will be used to guide the creation of a flight test
approach tailored for commercial and homebuilt sUAS. AC 90-89B is a detailed document that
provides suggestions that encompass many important aspects of flight testing. These include
sections on selecting a proper airport, emergency plans and equipment, test pilot requirements,
assembly and airworthiness inspections, weight and balance, powerplant tests, propeller
inspections, as well as procedures for the first and following flights. The airport selection
mentioned is specific to manned aircraft but will be tailored to sUAS as it contains pertinent
information on observer and bystander safety, airport atmospheric conditions and emergency
landing considerations. The emergency plans specified in this document address in-flight or onground emergency scenarios such as engine failure, fire, and flight control problems. Ground
crew emergency and fire procedures that detail clothing, equipment, and hospital locations are
also included and will be modified to apply specifically to typical sUAS emergencies. These
emergency plans will be used to aid the planning portion of the flight test approach and will
supplement the actual testing procedure so that the crew has a direct resource during testing.
The test pilot requirements include that the pilot is “Rated, Competent, and Current” for the
system being used and gives examples of test pilot knowledge that is important to consider for
both manned and unmanned aircraft. This will aid in the assignment and planning of an sUAS
flight test team. This document also goes over general assembly airworthiness inspections that
include inspection of joints, wings, landing gear, and propeller blades. These are important steps
in risk mitigation for an aircraft of any size and can be easily modified for sUAS. The handbook
also covers procedures for conducting the first few flights of a new aircraft that are presented in
safe, sequential, and logical manner which will be useful for extending to small unmanned
aircraft. A general first flight plan is suggested as well as actuator settings and handling
characteristics that should be analyzed. The amateur built handbook takes a much less formal
approach than the following Air Force documents, but a combination of the two will be optimal for
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creating an approach for both commercial and recreational sUAS. The FAA is a reputable source
and this document was built on the foundation of many years of manned flight experience that will
help provide a solid baseline for the formulation of the proposed thesis topic.
While these are not the only documents that guide flight test for civilian aircraft, they
represent the most relevant applications to sUAS. AC 107-2 [1] addresses the specific regulations
placed on commercial use of sUAS which must be followed when conducting flight test activities.
AC 90-89B [2] aims to guide the flight testing process for small manned aircraft that are amateur
or homebuilt. At the time of this study, there is no FAA document that discusses flight test
techniques specifically for sUAS. This makes AC 90-89B the most relevant flight test guide when
considering the size and typical development of sUAS.

2.2 The Military Aircraft Industry
Another useful source of information on the topic is the Air Force. Test and Evaluation is a
vital part of developing new aircraft for the Air Force and their approach is detailed in series of
public documents. The managerial aspects of Air Force Test and Evaluation are outlined in the
‘Test and Evaluation Management Guide’ [3]. Much of this document pertains to the political and
hierarchical process the Air Force must work through and is unnecessary for the proposed study.
The important information the Test and Evaluation Management Guidebook provides is a
structure for planning and reporting tests that facilitates the efficiency and effectiveness of Air
Force Test and Evaluation programs. This document provides descriptions for the Test Plan,
Testing Criteria, and Evaluation Plan. Modifying these for use with sUAS should allow the user to
create an effective and structured plan for testing small remote aircraft. The document also
provides descriptions of System Specification, Test Design, and Quick Look Reports. The System
Specification Report in this document lists the technical performance requirements and the steps
for verification of them. This is a useful process for those attempting to develop commercial sUAS
that must satisfy some customer/user requirements. A truncated version will be created for sUAS
that allows the test team to be aware of the requirements that must be satisfied and the process
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for testing them. The Test Design report helps convey if the test in question will be efficient and
answer the desired questions. It identifies specific Measures of Effectiveness and the
data/analysis methods that will be used to complete the test. This is another useful document for
commercial sUAS development and should include the number of tests and resources required to
help management allocate time and resources for testing activity. This document, along with the
System Specification Report will be combined to create a single Test Planning Report that will be
more useful to commercial organizations than the recreational developer. During Air Force
testing, Quick Look Reports are written to report available data to facilitate management decision
making. If a test must span multiple days, a Quick Look Report should be completed for
commercial sUAS at the end of the final day to inform management of testing progress made. A
template for commercial sUAS Quick Look Reports would be a useful edition to this thesis topic.
These reports should help the test crew by documenting their intention and progress. Lastly, the
document defines Measures of Effectiveness, Trouble Indicators, and System Life Cycle/Design
Limit Testing; all of which are relevant to an sUAS test program on a smaller scale. MOEs are
useful metrics for determining whether the system meets requirements. Defining potential MOEs
and their importance will aid in creating the previously mentioned reports. Planning and reporting
are vital parts of the flight testing process and using parts of the Air Force Management
documentation in the sUAS industry will allow the users to be well notified of testing milestones
and results as well as keep sUAS testing programs on schedule. This type of documentation will
not apply to the individual sUAS developer but should be covered in a section dedicated to
commercial developers.
To supplement the planning material found in the previous document, another document by
the Air Force was reviewed called ‘Air Force Flight Test Center Test Plan Preparation Guide’ [4]
also from Edwards Air Force Base published in 1994. This provides a complete guideline for
formulating an Air Force Test Plan document. Because of the manned aircraft application of this
document, the test plan is lengthy and very detailed. This intensity will not be required but when
paired with information from the previously mentioned document, will aid in creating a single
sUAS focused Test Planning Report which is a vital part of the overall flight test approach. This
18

document will allow the program manager to have an understanding of all aspects of the test
including the resources required, test objectives, expected results, safety requirements, and test
reporting so that the scope of the test program may be fully anticipated. It will also be a reference
for the test crew while the test phase is active, allowing them to account for all required testing.
This document will be used in conjunction with the ‘Test and Evaluation Management Guide’ to
create a format for an sUAS specific test plan that will plan commercial flight test operations.
Another resource reviewed was the ‘Air Force Test & Evaluation Guidebook’ [5], published by
the Air Force in 2004. This is an extensive document similar to the ‘Test and Evaluation
Management Guide’. This, however, provides a table of contents template for a Final Test Report.
Most of the sections specified in the table of contents are relevant to both military systems and
sUAS. The template includes sections for a Purpose and Background, Test Description,
Operational Effectiveness and Suitability, and Deficiency Reports. Each is further broken into
subsections that would be useful in a final test report specifically for sUAS. Based on each
subsection’s suitability for use with sUAS, it was omitted or combined to create a concise
template for a sUAS Final Testing Report. The template can be further refined when it is applied
to the Puma test program proposed in this study. This provides an adequate base for deriving an
sUAS specific Final Testing Report that comes from a proven Air Force approach.
Another document with useful information is NATO’s Flight Test Techniques Series – Volume
14, ‘Introduction to Flight Test Engineering’ [6] published in 2005. This is a comprehensive
document that addresses manned flight test procedure and uses United States manufactured
aircraft for examples throughout. It is not as technically detailed as the previous Air Force Test
Engineering Handbook but obtains its value from generically describing different test methods. It
has chapters pertaining to Flight Test Instrumentation, Data Processing, Flight Test Planning,
Pre-Flight Tests, Safety Aspects, Test Operations, Performance, and Post Flight Tasks. This
document goes into detail about the importance of planning and specifying the instrumentation
and data processing required by the flight test engineer. Small unmanned systems will require
slightly different instrumentation, but commercial programs should follow a similar process to
ensure all required data will be collected and implemented in the test platform. A section in the
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test plan should address the specification of instrumentation to ensure all requirements can be
evaluated and summed up in a model test matrix. The document also details how flight test plans
should be developed in a similar way to previous documents about test planning. The frequency
of this suggestion in the reviewed documents suggests it is an important and useful aspect to
ensure efficient flight testing. This document will be used in conjunction with other planningoriented documents to produce a valid commercial sUAS test plan document. Pre-flight tests are
important steps in verifying an aircraft is ready to fly. This document provides an in-depth insight
into common ground tests completed for manned aircraft. For example, propulsion/thrust testing,
taxi, weight and balance, and calibration tests are a few mentioned that would also be applicable
to small unmanned aircraft. Pre-flight testing any type of aircraft is a vital step before making the
first flight. As much testing as possible should be done on the ground to reduce cost and risk to
the program. Using suggestions from this document, a series of recommendations will be created
for unmanned aircraft to derive confidence the system will perform as expected when flown for
the first time. This section will be useful to both commercial and individual aircraft developers.
The safety aspects in the document cover choosing a test site, ensuring the crew is qualified,
monitoring weather, setting operational limitations to the flight envelope. Those involved in
developing an sUAS may not be well informed of common safety aspects in flight testing, and like
most other aspects of this test approach, should be tailored for use with sUAS and included in a
set of safety recommendations. This will allow individual and commercial sUAS developers to
consider using effective flight safety procedures derived from the manned industry. Performance
testing is a vital part of the overall flight test matrix and provides valuable information about
aircraft flight characteristics. Performance tests that are applicable in this article include
takeoff/landing, endurance, maneuver, and climb/descent tests. The article is focuses on manned
fixed wing aircraft so the specific contents may not be as useful as the general test sequence and
precautions. These may not apply specifically to all unmanned aircraft but since a general test
approach is to be created, the user can pick and choose which tests are relevant to their sUAS. In
conjunction with the FAA Homebuilt Flight Test Manual this document will help to derive a set of
recommendations and techniques that would be beneficial for use with small unmanned aircraft.
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The post-flight contents of this document are focused on reporting and preparing for the next test.
Tests cards are filled out and data from the test is collected and disseminated to people
responsible for data processing. A post-flight debrief is conducted, the next test is detailed, and
test cards created. The document emphasizes that planning should be a continuous process
because there is usually inadequate time between tests to start planning the next test. This is a
valuable step in the process for commercial sUAS operations to sum up progress made during
the test session and will keep the crew prepared for the next test. Since this document was
developed by NATO (North Atlantic Treaty Organization) it likely has a wide application to the
aircraft of different countries which should extend to aircraft of smaller sizes given careful
consideration.
To create a test approach for sUAS, many current techniques for manned aircraft will be
derived into relevant techniques for small unmanned aircraft. It will be important for any
commercial company or individual creating and testing a new aircraft to follow an efficient test
plan, perform relevant tests, and report the results for documentation and analysis. After
conducting extensive research, little has been found pertaining directly to the flight testing of
sUAS which are rapidly becoming popular and starting to enter the commercial market. Had any
reliable documentation been found on these topics it would have been included in this section.
Instead, the deficiency of information provides a unique opportunity for this thesis topic to be
useful in the future of commercial and amateur sUAS development. To derive recommendations
that would be relevant to a generic small UAV, the FAA’s ‘Amateur-Built Aircraft and Ultralight
Flight Testing Handbook’ [2] and NATO’s ‘Introduction to Flight Test Engineering’ [6] thoroughly
discuss details of manned aircraft performance testing. Information from the manned industry for
test planning can be found in multiple sources mentioned above which include the FAA’s
‘Amateur-Built Aircraft and Ultralight Flight Testing Handbook’ [2], the Air Force’s ‘Test and
Evaluation Management Guidebook’ [3] and ‘Air Force Flight Test Center Test Plan Preparation
Guide’ [4], as well as NATO’s ‘Introduction to Flight Test Engineering’ [6]. These documents will
provide information that can be synthesized into an effective test planning approach for small
unmanned aircraft. All testing should be followed by effective reporting practices that provide
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valuable information to the developer of the sUAS. Information and templates will be used from
the Air Force’s ‘Test and Evaluation Management Guide’ [3] and ‘Air Force Test & Evaluation
Guidebook’ [5]. Following modified versions of Air Force documentation for reporting test results
will allow the sUAS test team to document results effectively and succinctly, ensuring the tests
are effective at answering all desired questions. The FAA’s Part 107 regulations will be used as
an overall guideline in this study for it to follow current regulation. Enough information has been
found through these documents to provide an adequate base to derive a complete test approach
that is efficient and effective for any generic sUAS platform.

22

Chapter 3
DEVELOPMENT OF APPROACH

The approach being developed will include a set of recommendations for sUAS testing and
instructional templates for essential documentation that should be produced for a sUAS test
program. The FAA and Air Force provide many recommendations for conducting tests programs
and this information in conjunction with findings from the Puma Flight Test Program (PFTP)
conducted as part of this study were used to create a set of sUAS Flight Test Recommendations.
The military aircraft industry has a standardized approach to flight test that has proven effective
across many programs. When entering a flight test program, it is important to produce certain
documents that plan, record, and report the findings and results. The ‘Test & Evaluation
Management Guide’ by the Air Force details the documentation that is used to manage flight test
programs. The documentation found relevant to sUAS flight test includes the Test Planning
Report, Flight Test Card, Quick Look Report, and Final Testing Report. The figure below shows
which resources were used to derive the relevant documentation.

Figure 4: Resources and chosen key documentation.
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The documents and the templates released by the Air Force were modified specifically to
address sUAS flight testing. The documents and the modifications made are explained in the
subsections below.

3.1 sUAS Flight Testing Recommendations
A set of recommendations for sUAS flight testing was created to help guide the planning of
test activities as the instructional templates detailed in the sections below only include
recommendations for filling out the documentation. These recommendations were derived from
the FAA’s ‘Amateur-Built Aircraft and Ultralight Flight Testing Handbook’ [2] and ‘Advisory
Circular 107-2 (AC 107-2)’ [1] as well as NATO’s ‘Introduction to Flight Test Engineering’ [6].
Experience with the Puma Flight Test Program was also used to supplement these
recommendations. They address important planning factors as listed below.
•

Flight range selection

•

Crew selection

•

Instrumentation

•

Emergency plans and equipment

•

Weather limitations

•

Current Regulations

•

Pre- and post-flight briefings

•

Assembly and airworthiness inspections

•

Pre-flight checks/tests

•

Weight and Balance

•

First flights

•

Planning tests for specific aircraft
The intention of these recommendations is that they will be considered prior to planning a test

and will help to create a safe test program that can be applicable to any small remote aircraft.

24

Caveats will be made for those intending to use this study to guide recreational flight test
operations. The development of the recommendations themselves are explained below and will
be provided as part of the ‘handbook’ being created as a part of this study in Chapter 4.
3.1.1

Flight Range Selection

This recommendation was made to aid in choosing an appropriate sUAS testing location. The
FAA’s ‘Amateur-Built Aircraft and Ultralight Flight Testing Handbook’ [2] details airport selection
pertaining to small manned aircraft. This is significant to sUAS because it helps mitigate the
safety risks of the program and helps ensure it remains within Part 107 regulation. Both the FAA
Handbook [2] and AC 107-2 [1] were used to create this recommendation in addition to insight
gained from completing the Puma Flight Test Program. The use of the EFR as a flight range for
the Puma Flight Test Program was optimal as its facilities allowed safe testing of all MOEs. The
selection of a flight range well suited for testing sUAS is vital to the success of the program which
is stressed by this recommendation.
3.1.2

Crew Selection

This recommendation was made to suggest a flight test team structure that is efficient for
sUAS testing operations. The FAA Ultralight Handbook [2] suggests crew selection pertaining to
manned aircraft while AC 107-2 [1] and the AFL flight test team structure provide specific
positions for multiple crew members that make up a well-rounded team. Suggesting positions for
the team from the pilot to traffic observers ensures that no one person is overwhelmed, and all
safety aspects are covered during operations. Each crewmember of the AFL had a designated
position for the Puma Flight Test Program. This recommendation is based on the effectivity of the
roles each member filled.
3.1.3

Instrumentation

This recommendation mainly comes from experience with the Puma Flight Test Program and
is mentioned in NATO’s ‘Introduction to Flight Test Engineering’ [6]. This is an important
recommendation to make because the instrumentation on sUAS varies widely between aircraft. If
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not included in the system design, the test aircraft will need to be fitted with the proper
instrumentation to conduct testing. It is important to consider the instrumentation required to
quantify the MOEs that give the flight test purpose. The instrumentation on board the Puma was
effective at capturing the data required for all MOEs. This recommendation was developed to
suggest certain instrumentation that should be incorporated onto the aircraft to collect data for
generic sUAS testing. The set of instrumentation on the Puma was highly effective at collecting
the required data and allowed the wind vector to be removed from affected data.
3.1.4

Emergency Plans and Equipment

This recommendation was made to suggest the emergency plans and equipment that should
be prepared before the initiation of a sUAS flight test program. The FAA Ultralight Handbook [2]
makes suggestions on emergency plans and equipment pertaining to small manned aircraft while
the Puma Flight Test Program applied sUAS specific guidelines. Combining these sources for
use in the recommendation given as part of this study allows an sUAS flight test program to be
prepared to mitigate emergencies that might arise during operations. Emergency plans and
equipment should be made and brought to any flight test being conducted. This recommendation
suggests typical emergency plans and equipment that should be brought to every flight test.
3.1.5

Weather Limitations

This recommendation was made to suggest considering the weather limitations that are
regulated by the FAA and that could affect the accuracy of the data collected during a flight test
program. AC 107-2 [1] regulates the visibility, ceiling, and cloud proximity of commercial sUAS
operations while the Puma Flight Test Program uncovered certain weather conditions that made
sUAS data collection less accurate than desired. Combining these sources allows a flight test
program to remain within FAA regulation and avoid collecting data that may be inaccurate and
skew the perception of the aircraft’s nominal performance. The Puma Flight Test Program
typically faced eight knot average winds which can have a large affect on the data if the wind
vector cannot be accurately measured by the aircraft instrumentation. This recommendation
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stresses the importance of conducting tests in optimal weather conditions and uses the
experience of the PFTP to suggest types of weather that affect the accuracy of collected data.
3.1.6

Current Regulations

This recommendation was made to ensure that any commercial sUAS operation remain
within regulation mandated by the FAA. AC 107-2 [1] provides all the applicable guidelines and is
referenced for this specific recommendation. This will allow the user of this study to maintain safe
operation within the legal bounds allowed for sUAS use.
3.1.7

Pre- and Post-Flight Briefings

This recommendation was made to suggest the effectivity of conducting both pre-flight and
post-flight briefings for sUAS flight test operations. The use of these in the Puma Flight Test
Program proved to be an effective way to prepare the team for the tests to occur during the day
and to review the results of the flight test afterwards. When used in a sUAS flight test program,
the team will be set up for safe and effective flight test operations. The use of pre- and post-flight
briefings in the PFTP was used to guide the suggestion of the briefings and their contents. It
allowed the test team to review the flight test card and understand their assigned roles, the test
sequence, and any important watch items for the test.
3.1.8

Assembly and Airworthiness Inspections

This recommendation was made to suggest that assembly and airworthiness inspections be
conducted throughout a flight test program. This suggestion mainly comes from the FAA Ultralight
Handbook [2] which pertains specifically to small manned aircraft. However, this also applies to
unmanned aircraft that typically feature components that are intended to be unassembled and
reassembled upon deployment. This is an important recommendation to make because it allows
the assembly and airworthiness of the aircraft to be continuously monitored throughout the
program in effort to maintain the safety and effectivity of testing operations. This recommendation
suggests the inspection of the aircraft assembly and airworthiness, which was critical for
operation of the Puma. The Puma, like many other aircraft, has multiple points where flight
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surfaces are attached and detached for transport which should be inspected prior to flight. Minor
damage is typical of sUAS operation and airworthiness inspections of propellers and flight
surfaces were another critical part of ensuring the success of the PFTP.
3.1.9

Pre-Flight Checks/Tests

This recommendation was made to suggest the typical pre-flight checks that should be
conducted prior to launching an sUAS. The FAA Ultralight Handbook [2] details pre-flight checks
that pertain to small manned aircraft, but many apply to sUAS at the same time. This is another
important recommendation to make because it standardizes the approach to flying a specific
aircraft and ensures that it is ready for safe flight. In the Puma Flight Test Program these checks
ensured the aircraft was setup correctly for flight.
3.1.10 Weight and Balance
This recommendation was made to call attention to additional pre-flight checks that are of
increased importance for the safety of the operation. The FAA Ultralight Handbook [2] covers
weight and balance checks as well as locating the CG position. It is much easier to check these
on an sUAS as they weight much less and can typically be handled by a single person. These
recommendations are important to make because incorrect weights or placements of the CG can
detrimentally affect the flight qualities of the aircraft.
3.1.11 First Flights
This recommendation was made to suggest the process for conducting the first flights of a
newly designed or modified aircraft. The FAA Ultralight Handbook [2] discusses the processes for
the first flights of a new small manned aircraft. Many of these suggestions were applied to the first
flights of a generic sUAS so that an unexperienced flight test program may take the appropriate
first steps in testing a new aircraft. The process detailed by the FAA was created to minimize the
risk to the aircraft, pilot, and uninvolved persons and therefore provides an excellent basis for
sUAS specific safety recommendations. The FAA Ultralight procedure was then reduced and
modified to cover sUAS specific first flight recommendations with caveats for rotary wing aircraft.
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3.1.12 Planning Tests for Specific Aircraft
This recommendation was made to suggest that flight tests should be planned by carefully
considering the specific aircraft being tested. This was mainly derived from experience with the
Puma Flight Test Program. Not all aircraft are the same and require different considerations when
planning the test program. This recommendation stresses the importance of tailoring the
approach recommended in this study directly for the aircraft being tested to make it as applicable
as possible. This approach was made generally to apply to a wide range of sUAS. To make sure
the approach is applicable, this recommendation stresses that the flight test program manager
filling out the documentation think critically about the capabilities and characteristics of the
specific aircraft.

3.2 Test Planning Report
The Test Planning Report is a report used by the Air Force to fully plan a test program prior to
any testing activities. A template for the Air Force version is provided by the ‘Air Force Flight Test
Center Test Plan Preparation Guide’ [4] and is much lengthier than is required for sUAS as the
Air force generally works with much more complex systems that require more extensive testing.
However, it is a useful document to derive for use with sUAS as it allows management to
anticipate the scope of the test program and provide the required resources. The cover page,
signature page, and table of contents were recreated from the public Air Force template. The
table of contents was then modified to only include sections and subsections pertinent to the flight
test of sUAS, shown below.
•

Executive Summary

•

Introduction
o

Background

o

Test Item Description

o

Test Objectives
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•

•

Test and Evaluation
o

Constraints and Limitations

o

Test Resources

o

Safety Requirements

o

Security Requirements

o

Test Project Management

o

Measures of Effectiveness

o

Test Procedures

o

Test Reporting

o

Environmental Protection

Appendix
o

Test Condition Matrix

o

Safety/Risk Conditions

o

Requirements Traceability

o

Data Analysis Plan

o

Instrumentation Plan

o

List of Abbreviations

The Test Planning Report included in this study was created after choosing the
AeroVironment RQ-20 Puma and a range of performance tests as detailed in Chapter 1. The
sections and subsections listed in the table of contents were then filled out with the amount of
information appropriate for the flight test of the Puma. The completed Test Planning Report for
the Puma flight Test Program can be found in Section E of the Appendix and its development is
detailed below. Each section of the report was then interpreted to apply generically to sUAS
testing as described in the following subsections. The generic template for the sUAS Test
Planning Report can be found in Section A of the Appendix.
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3.2.1

Executive Summary

The Executive Summary of the sUAS Test Planning Report should be included on the third
page after the title and sign-off pages. This provides a summary of the proposed testing activities
and the contents of the report. It should mention all involved agencies/organizations and the
reasoning for the proposed test program. It should also briefly describe the proposed test aircraft
and the intended results of the flight test program. The high-level resources required to complete
the test, the planned program start and end dates, as well as an overview of the proposed testing
activities should also be included in the Executive Summary.
3.2.2

Introduction

The Introduction section of the Test Planning Report should consist of 3 subsections
developed from the ‘Air Force Flight Test Center Test Plan Preparation Guide’ [4] in conjunction
with experience in the Puma Flight Test Program. It should be the first section included after the
Table of Contents. The development of the subsections is described in detail below.
Background: The Background should be the first subsection within the Introduction. The
Background should again refer to the aircraft and purposes of the testing proposed in more
detail. It can also describe the entity conducting the test program, who will be involved, and
any teams that must be formed to complete the program. The end of the Background should
specify the intention of the document to propose a planned test program and should include
the recipients of the report.
Test Item Description: The Test Item Description should be the second subsection within the
Introduction and is where the test aircraft should be described in detail. Aircraft
characteristics like the typical weights, configurations, flight control methods, applicable
payloads, ground control stations, known expected performance metrics, recovery methods,
and any other notable aircraft characteristics should be explained.
Test Objectives: The Test Objectives should be the third and final subsection within the
Introduction. The primary and secondary objectives of the flight test program should be
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specified. The primary objectives of the flight test program are likely to be to quantify the
performance metrics of the aircraft to determine whether it meets its original design
requirements. The performance metrics should be included by name. The secondary
objectives of the test are likely to be to discover any unanticipated performance and system
functionality characteristics of the sUAS.
3.2.3

Test and Evaluation

The Test and Evaluation section of the Test Planning Report is the most significant and
describes how the tests will be organized and conducted throughout the entire test program. It
includes 9 subsections that were developed from the ‘Air Force Flight Test Center Test Plan
Preparation Guide’ [4] in conjunction with experience from the Puma Flight Test Program. The
development of the subsections is described in detail below.
Constraints and Limitations: The Constraints and Limitations subsection should detail any
regulatory constraints as well as organization and aircraft specific limitations to the scope of
the test program. Applicable regulatory constraints for commercial sUAS are specified in AC
107-2 [1] and any organizational/aircraft limitations will be specific to each test program. The
type of aircraft, airspace regulations/NOTAMs, and constraints to the Area of Operation
should be considered. This ensures the flight test program is kept safe and effective.
Test Resources: The Test Resources subsection should detail all resources required over the
entirety of the test program. This includes all required personnel, facilities, hardware,
software, and any other funding that will be required to conduct the proposed testing
activities. This ensures that all resources will be provided when testing occurs.
Safety

Requirements:

The

Safety

Requirements

subsection

details

any

specific

considerations that should be made to ensure the safety of the flight test program. Federal
and local regulations should be considered, as well as any organization specific regulations.
Features of the specific aircraft being tested that present a safety hazard should also be
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considered

(hazardous

materials,

flight

characteristics,

etc.).

This

ensures

safety

requirements are made known to management as well as those involved in the test program.
Security Requirements: The Security Requirements subsection should detail any security
considerations that must be made for the program. This can include protecting classified
information, protecting intellectual property, following export regulations, organization specific
concerns, and any other applicable security considerations. This ensures the program
remains within regulation and avoids a loss of property or revenue.
Test Project Management: The Test Project Management subsection should detail how the
flight test team is internally organized and should also address any external relationships that
may exist as part of the test program. This ensures the team structure and relationships are
acknowledged by those signing off on the Test Planning Report.
Measures of Effectiveness: The Measures of Effectiveness subsection should detail all the
MOEs that will be used to gauge whether the sUAS meets its original requirements. MOEs
should be derived from the system requirements that the aircraft was designed to meet and
should result in metrics that can be quantified from flight testing the aircraft. Quantifying these
is the main purpose of the test program and provides insight on the capability of the aircraft to
provide its intended function.
Test Procedures: The Test Procedures subsection should detail all specific test procedures
required to quantify each MOE previously described in chronological order. This provides
insight on what the tests will consist of and the resources required at each stage of the flight
test program. Note that more detailed procedures can be found on the Flight Test Card and
will be briefed prior to each test. It should include the test titles, planned dates, a description,
the relevant MOEs being tested, the crew/resources required, and step by step procedures
for each test to take place. This ensures those signing off on the program are informed of the
detailed plan for each test.
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Test Reporting: The Test Reporting subsection should detail how and when the data will be
recorded, distributed, and analyzed throughout the test program. Quick Look Reports should
be distributed as soon as possible after each test is completed and the Final Testing Report
should follow once all tests are completed. This ensures everyone involved understands
when to expect data and results, allowing them to proactively make decisions about the
aircraft design if needed.
Environmental Protection: The Environmental Protection subsection should detail any
undesirable environmental risks due to the proposed program. This includes emissions, use
of hazardous material, risk to the environment, risk to wildlife, etc. Also describe how any
significant risks will be mitigated.
3.2.4

Appendix

The Appendix should be the last section of the Test Planning Report and contains six
subsections that support the rest of the document. The format was developed from the ‘Air Force
Flight Test Center Test Plan Preparation Guide’ [4] and the contents were developed with
experience from the Puma Flight Test Program.
Test Condition Matrix: The Test Condition Matrix is used to plan out each individual flight test
in chronological order. It includes the Test Name, Test Date, MOEs being quantified, and any
applicable notes. Notes can include deliverables post-test, flight conditions, and/or names of
pilots planned to fly the test, etc. It explains the number of tests required, the timeline for the
program, and the purpose for each. This allows management to anticipate the resources
required and allows the flight test team to anticipate the scope of the program.
Safety/Risk Conditions: The Safety/Risk Conditions subsection of the Appendix describes
any possible safety or risk conditions that may exist as a result of conducting the flight test
program. It includes a name of the condition, the resulting aircraft behavior, planned
response to mitigate the condition, and the probability the condition will occur. This ensures
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management and the flight test team are prepared for any condition that may occur and are
briefed on a method to mitigate the associated risk.
Requirements Traceability: The Requirements Traceability subsection of the Appendix
describes the relationships between the original system requirements and the MOEs derived
from them. This should be represented as a table with one column containing the system
requirements and with the other column containing the relevant MOE and its units of
measurement. It may not always be clear what requirement a MOE is quantifying and this
ensures that each MOE has a strict purpose for testing and relates to a specific requirement.
Data Analysis Plan: The Data Analysis Plan subsection of the Appendix should address how
the data will be recorded, analyzed, and distributed. It should note the specific resources
required to conduct the data analysis and should address the complexity involved in
acquiring/reducing the data. This allows management to provide any data analysis resources
that may be required and determines the amount of work to be done.
Instrumentation Plan: The Instrumentation Plan subsection of the Appendix should address
the instrumentation required to record the data needed to quantify each MOE. Any additional
instrumentation that must be acquired should be noted also. This ensures that management
can purchase the required instrumentation prior to the start of the test program allowing it to
be conducted efficiently.
List of Abbreviations: The List of Abbreviations subsection is the last in the Appendix and
should define any abbreviations or acronyms used throughout the document.

3.3 Flight Test Card
The Flight Test Card should be a two sided 8.5”x5.5” sheet of paper that is formatted to
provide the flight test team with the most vital information needed to complete the specific flight
test being conducted. It is widely used across the flight test industry and its small form factor
allows it to be easily handled and recognized. It is distributed to the entire team present at the
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pre-flight briefing so that all are informed of the how the test will be conducted, any relevant
constraints, watch items, and risk mitigation methods. It is the main document of reference while
the test is being conducted.
For this study, the AFL desired to use a test card that has been proven effective for their
operations. Because the AFL is an sUAS testing organization, the test card they have created is a
relevant and concise template for emulation in this study. The AFL was responsible for providing
the test card as it was already filled out with most of the information required. The AFL was then
supplied with the test sequence needed to acquire the required data for later analysis. The
information included in the AFL test card is listed below.
•

Test Objectives

•

Test Site

•

Present Personnel

•

Aircraft Description

•

Aircraft Call Sign

•

Relevant Radio Frequencies

•

Weather Limits

•

Operation Limits

•

Applicable NOTAMs

•

Test Sequence

•

Watch Items

•

Personnel Contact Info

•

Directions to Test Site
One of the Flight Test Cards used in the Puma Flight Test Program and can be found as

used in Section F of the Appendix. Each section of the Flight Test Card was then interpreted to
apply generically to sUAS testing as described in the following subsections. The generic
instructional template for a sUAS specific Flight Test Card derived from the AFL version can be
found Section B of the Appendix.
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3.3.1

Test Objectives

The Test Objectives section of the Flight Test Card should include a short summary of the
specific test objectives to be achieved during the test flight. It should mention the specific MOEs
being quantified. This ensures the test team has a common goal when using the Flight Test Card
during the test.
3.3.2

Test Site

The Test Site section of the Flight Test Card should include the test site name along with the
coordinate location. The elevation of the test site above sea level should be noted as well as any
other pertinent test site information. This provides information that is useful for anyone unfamiliar
with the test site and when using GPS functions of the system.
3.3.3

Present Personnel

The Present Personnel section of the Flight Test Card should list all present personnel by first
and last name and should correspond to a certain position within the flight test team. Suggested
positions for the flight test team are described in the recommendations created as part of this
study. This allows the team to be briefed on their function prior to the flight test and ensures all
required positions are covered for the test flight.
3.3.4

Aircraft Description

The Aircraft Description section of the Flight Test Card should contain the manufacturer,
model number, and name of the aircraft being tested. This ensures that the team is briefed on the
aircraft being flown prior to the flight and provides a reference during the test.
3.3.5

Aircraft Call Sign

The Aircraft Call Sign section of the Flight Test Card should contain the FAA call sign of the
aircraft being tested. This enables the call sign to be referenced during the test if needed and
would likely occur if the operation is within ATC controlled airspace.

37

3.3.6

Relevant Radio Frequencies

The Relevant Radio Frequencies section of the Flight Test Card should include the VHF radio
frequencies for the ATC of nearby airports and heliports. This section can also include
frequencies used by the flight test team to communicate and guarantees the frequencies are
accessible in case contact with ATC must be made.
3.3.7

Weather Limits

The Weather Limits section of the Flight Test Card should include the AC 107-2 [1] regulated
weather limits for commercial use of sUAS. If the aircraft has any other weather limits (likely to be
wind/gust limits) they should also be specified in this section. This allows the limits to be
referenced during the test in the case that the weather deteriorates.
3.3.8

Operation Limits

The Operation Limits section of the Flight Test Card should include any AC 107-2 [1]
regulated operational limits for commercial sUAS use. Any other aircraft specific operational limits
should be specified in this section, if applicable. This ensures that regulations can be referenced
and that the aircraft will not be flown outside its operational limits during the flight test.
3.3.9

Applicable NOTAMs

The NOTAMs section of the Flight Test Card should list any applicable NOTAMs the operation
is taking place under. The most likely NOTAM is Part 107 from AC 107-2 [1]. List any other
NOTAMs issued in the Area of Operation also. This ensures that no FAA regulations are broken
as the NOTAMs may be referenced during the test.
3.3.10 Test Sequence
The Test Sequence section of the Flight Test Card should list the step by step instructions for
the test sequence that will achieve the test objectives of quantifying the desired MOEs. This
should be a numbered list that allows the pilot to complete each maneuver of the flight as needed
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to acquire the desired data. The Test Sequence should begin from takeoff and end at landing.
This guarantees the pilot has a reference for the required maneuvers during the flight test.
3.3.11 Watch Items
The Watch Items section of the Flight Test Card should include any applicable watch items
for the location and/or the system being tested. These can include battery voltage levels, current
levels, signal strength indicators, Center of Gravity location, etc. It should include the specific
thresholds and limits for each item listed. This allows important aircraft health indicators to be
referenced during the test and that any potential risk is mitigated.
3.3.12 Personnel Contact Info
The Personnel Contact Info section of the Flight Test Card should include the contact info of
the personnel present during the test. A telephone number or email is sufficient. Emergency
service numbers should be listed in this section also. This provides a reference to all team
members during and after the test.
3.3.13 Directions to Test Site
The Direction to Test Site section of the Flight Test Card should include short and concise
instructions for reaching the test site. This ensures that a description of the location can be found
in case an emergency must be reported or a team member cannot find the location.

3.4 Quick Look Report
The Quick Look Report is a short document used by the Air Force that summarizes the days
testing activities. Ideally this document should be provided to the test team and management by
the test engineer within two days of the test. A description of the Air Force Quick Look Report can
be found in the Air Force’s ‘Test & Evaluation Management Guide’ [3]. It allows the team and
management to stay informed on the progress of the test program or of any setbacks and issues
with the design as soon as they appear. It is the most detailed record of the testing for that day
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and includes a preliminary analysis of the data recorded so that unsatisfactory results may be
addressed as soon as possible. This reduces the risk of a delayed program or an unsatisfactory
product. A blank template was made from the Air Force description and sUAS relevant sections
were kept as below.
•

Specific Test Day Information

•

Test Objectives

•

Test Sequence

•

Preliminary Test Results

•

Unrelated Performance Issues

•

Testing Incidents

•

Next Test
After the first Puma test, the template was filled out to provide a blanket summary of the

day’s testing activities and results. Throughout the Puma Flight Test Program, the Quick Look
Report has been modified to ensure all sUAS relevant information was reported. One of the six
Quick Look Reports created for the Puma Flight Test Program can be found in Section G of the
Appendix. Each part of the Quick Look Report was then interpreted to apply generically for sUAS
testing as described in the following subsections. The generic template for a sUAS specific Quick
Look Report can be found in Section C of the Appendix.
3.4.1

Specific Test Day Information

The Specific Test Day Information section of the Quick Look Report includes all the smaller
font text at the top of the first page. It includes information on the test date, aircraft, location,
weather conditions, involved agencies, and present personnel. This should be included in a Quick
Look Report because it describes the conditions of the test on that specific day and provides a
record for the flight test team that allows the documents to be referenced later.
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3.4.2

Test Objectives

The Test Objectives section of the Quick Look Report should address both the primary and
secondary objectives for that specific test. The primary objectives of the flight test are likely to be
quantifying the MOEs giving purpose to the test. The MOEs should be included by name in this
subsection. The secondary objectives of the test are likely to be discovering any unanticipated
performance and system functionality characteristics of the sUAS. This gives the Quick Look
Report a purpose for the MOE quantification.
3.4.3

Test Sequence

The Test Sequence section of the Quick Look Report is different than that found on the Flight
Test Card. The Test Sequence section should specify a name for the test and should specify
names for each repeatability run of the test in the order of completion. The pilots name should be
listed under the run name as well. This allows a record of the pilots and the tests completed to be
referenced as needed later.
3.4.4

Preliminary Test Results/Conclusions

The Preliminary Test Results section of the Quick Look Report should display the preliminary
MOE results found by reducing the data of that specific test. The best way to display the data is
graphically and should show each run individually as well as the total average for each MOE.
Below the graphical representations should be a light analysis of the results displayed. The MOE
results should be listed again, and a preliminary conclusion should be made about whether the
MOEs meet the original system requirements. This allows management and the flight test team to
formulate early opinions about the effectivity and safety of the system.
3.4.5

Unrelated Performance Issues

The Unrelated Performance Issues section of the Quick Look Report should address any
performance qualities of the aircraft noticed during the test that are not relevant to the MOEs for
the test. Attributes of the entire system should be included here so that they can be reported to
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the team. This allows management and the flight test team to be aware of other issues or positive
performance attributes the system displays when in operational use.
3.4.6

Testing Incidents

The Testing Incidents section of the Quick Look Report should address any incidents that
occurred during the flight test. Incidents that should be recorded include anything that causes
damage to the aircraft or that breaks a constraint, limitation, or regulation. The incident should be
described as concisely as possible and the result or damage should be reported. At the end, a
conclusion about the aircraft’s airworthiness for future flight should be made and underlined. This
permits management to purchase components or fund repairs for the aircraft. It also provides a
record of damage to the aircraft that must be repaired prior to the next flight.
3.4.7

Next Test

The Next Test section of the Quick Look Report should address the next planned test. A
short description of the test and the MOEs to be tested should be included and followed by the
anticipated test date and location. This informs the flight test team of the next test to occur and
allows them to prepare for it.

3.5 Final Testing Report
The Final Testing Report is a document used by the Air Force to synthesize all resulting data
and information collected over the entire test program. A template for the Air Force version of the
document can be found in the ‘Air Force Test & Evaluation Guidebook’ [5]. The Final Testing
Report is a compliment to the Test Planning Report as it addresses all the planned tests and
results. Results and information from each test are displayed individually and comprehensively,
considering repeatability. It also includes any other unrelated information discovered during
testing pertinent to the use of the aircraft. The Final Testing Report is a standalone document so
that the scope and results of the entire test program may be understood solely from reading this
resource. The report should be completed after the conclusion of all testing activities planned and
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distributed to the test team and to management for archival. The main sections of the Final
Testing report are listed below.
•

Executive Summary

•

Figures

•

Tables

•

Abbreviations and Acronyms

•

Purpose and Background

•

•

•

o

Testing Purpose

o

Testing Background

o

Description of System Tested

o

Test Force, Location, Dates

Test Description
o

Test Objectives

o

Scope and Method

o

Planning Considerations and Limiting Factors

o

Business Relationships

Operational Effectiveness and Suitability
o

Summary

o

MOEs

o

Additional Findings

o

Safety Assessment

o

Environmental Impact Assessment

o

Operational Impact Assessment

Performance Deficiencies
o

Deficiency Reports

o

Impact Summary

•

Summary of Conclusions and Recommendations

•

References
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•

Appendix
For this study, the Final Testing Report was completed after all planned testing activities were

concluded. The public template provided by the Air Force was used in conjunction with the Test
Planning Report to guide the creation of a blank sUAS specific Final Testing Report. Each section
was then interpreted to apply generically to sUAS testing as described in the following
subsections. The report should be filled out by taking the scope described in the Test Planning
Report and by including individual test results from each Quick Look Report. Results from the
entire test program should be synthesized to reflect repeatability and were more conclusively
analyzed than in the individual Quick Look Reports. Major conclusions should be made for the
MOEs and original system-level requirements, as well as unrelated performance and handling
characteristics. The Final Testing Report should then be distributed to the flight test team and
management so that the performance of the aircraft may be archived for future reference. The
completed Final Testing Report for the Puma Flight Test Program can be found in Section H of
the Appendix. The generic instructional template for a sUAS specific Final Testing Report can be
found in Section D of the Appendix.
3.5.1

Executive Summary

The Executive Summary section of the Final Testing Report should be similar to the
Executive Summary of the Test Planning Report but should be more focused on describing the
final outcome of the flight test program. It should detail the organization, the aircraft of interest,
and a high-level purpose for the test program. It should summarize the testing that occurred and
briefly explain the purpose of the document. Dates that the testing occurred, and any business
relationships needed to complete the testing should also be mentioned. This provides a high-level
overview of the test program and, when read with the Summary of Conclusions and
Recommendations section, should provide a high-level description of the entire program and its
results.
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3.5.2

Figures

The Figures section of the Final Testing Report should include all the figures created from
analyzing the data recorded over the entire program. The figures should paint a clear picture
about the results and behavior of the aircraft and should address each MOE planned for the test
program. Comparisons should be made between individual tests and full averages should be
shown with error bars representing the variation in results. As much graphical information about
the test results as possible should be included in this section and organized in a condensed and
readable fashion. Each figure should include a short description underneath the graph. This
allows the reader to browse the display of results which is the main function of the Final Testing
Report.
3.5.3

Tables

The Tables section of the Final Testing Report should include the tabulated results for all
MOEs quantified. If possible, results should be shown from all tests done for repeatability as well
as the total average result. If applicable, also quantify the variation in the data recorded (standard
deviation). Tables should have units and the total average should be bolded for emphasis. This
lets the reader identify the exact values that correspond to the previous Figures section.
3.5.4

Abbreviations and Acronyms

The Abbreviations and Acronyms section of the Final Testing Report should define any
abbreviations or acronyms used throughout the document.
3.5.5

Purpose and Background

The Purpose and Background section of the Final Testing Report is similar to the Introduction
section of the Test Planning Report. This, however, was created by referencing the ‘Air Force
Test & Evaluation Guidebook’ [5] which provided the main template for the Final Testing Report.
There are four subsections within the Purpose and Background as described below.
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Testing Purpose: The Testing Purpose subsection of the Introduction should include a
concise purpose for testing the aircraft. The purpose is likely to quantify the performance
MOEs that were derived from the original system requirements. The organization conducting
the flight test program, aircraft, and location of testing should also be mentioned. This
delivers a direct purpose for the document and the test program to achieve.
Testing Background: The Testing Background subsection of the Introduction should include
the background behind the Testing Purpose. The reason the tests were required, and the
implications of the results should be mentioned in this subsection. A summary of how the
program was conducted and the intention of the document should be stated also.
Description of System Tested: The Description of System Tested subsection of the
Introduction can be the same as the Test Item Description in the Test Planning Report. The
type of aircraft, the configuration, and any important characteristics of the aircraft that should
be known to an external viewer of this document should be described.
Test Force, Location, Dates: The Test Force, Location, Dates subsection of the Introduction
should describe the test force and any business relationships being utilized throughout the
test program. The test location should be described as well as the general dates of the entire
test program.
3.5.6

Test Description

The Test Description section of the Final Testing Report was created by referencing ‘Air
Force Test & Evaluation Guidebook’ [5]. The scope and method behind the test program are
detailed in the four subsections of the Test Description. Each subsection was interpreted from the
Air Force document to apply generically for sUAS testing as follows.
Test Objectives: The Test Objectives subsection of the Test Description should describe the
primary and secondary (if applicable) test objectives. The primary objectives are likely to be
proving the capability of the aircraft by verifying that it meets the requirements used to guide
its design. The MOEs used to do so should be mentioned by name. Secondary objectives are
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likely to be discovering any unintended/unknown characteristics of the aircraft and system
design. This documents the specific objectives the test program was created to achieve.
Scope and Method: The Scope and Method subsection of the Test Description should explain
where the MOEs mentioned in the Test Objectives section came from and their meaning. The
sensors being used to record data should be mentioned and the method used to record the
data should also be specified. An explanation of how the data was reduced, analyzed, the
sequence of testing to be done, and which tests will address which MOEs should be
included. It is beneficial to create a bulleted breakdown of each test in addition. This explains
the method by which the tests were conducted and how the data was collected.
Planning Considerations and Limiting Factors: The Planning Considerations and Limiting
Factors subsection of the Test Description should be similar to that of the Test Planning
Report and should describe any operational constraints or limitations that were a factor for
the test program. Organization and/or specific flight area rules should be considered. If
operating under Part 107 for sUAS, the legal constraints to operation should also be listed in
this section as well as weather constraints for the specific aircraft. This serves to document
the constraints and limits that could not be broken to acquire data throughout the program.
Business Relationships: The Business Relationships subsection of the Test Description
should briefly describe any business relationships utilized during the test program. It should
also mention other organizations and their roles if they were included in the test program.
This serves to document the relationships between different entities over the course of the
test program (if applicable).
3.5.7

Operational Effectiveness and Suitability

The Operational Effectiveness and Suitability section of the Final Testing Report is where the
major conclusions and results of the quantified MOEs are discussed. This section was derived
from the ‘Air Force Test & Evaluation Guidebook’ [5]. The effectiveness of the sUAS is discussed
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through six subsections. Each subsection was interpreted from the Air Force document to apply
generically for sUAS testing as follows.
Summary: The Summary subsection of Operational Effectiveness and Suitability should
summarize the high-level results of the test program. It should also explain whether the
program was effective at quantifying the metrics it was designed to as well as detail whether
the results of the test program have implications for the aircraft’s operational performance.
This summarizes the purpose of Operational Effectiveness and Suitability.
MOEs: The MOEs subsection of Operational Effectiveness and Suitability should describe
each MOE planned for testing and trace it back to a requirement. This subsection should
explain how data was recorded for each MOE and how the data was reduced/analyzed. The
conclusion of each MOE should include a bulleted breakdown of the results with a concise
conclusion on whether the original requirement for the MOE was met. This determines
whether the system met its original design requirements.
Additional Findings: The Additional Findings subsection of Operational Effectiveness and
Suitability should list any additional discoveries about system operational characteristics that
don’t fall under specific MOEs. Any other notable performance characteristics of the system
should be listed in this subsection and should be briefly noted in a bulleted list. This serves to
document any other discoveries about how the system operates during the test program.
Safety Assessment: The Safety Assessment subsection of Operational Effectiveness and
Suitability should assess the safety of operating the system. Any conditions that could cause
safety issues and how/if they can be mitigated should be listed. A concise conclusion on the
perceived safety of the using the system should also be included. This provides a conclusion
on whether the system is safe to operate for its intended purpose.
Environmental Impact Assessment: The Environmental Impact Assessment subsection of
Operational Effectiveness and Suitability should assess the environmental impact associated
with operation of the system. It should consider whether the use of the system will affect an
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ecosystem or natural resource. A concise conclusion of the environmental impact of the
system should also be included. This provides a conclusion on whether the operation of the
system will adversely affect the environment.
Operational Impact Assessment: The Operational Impact Assessment of Operational
Effectiveness and Suitability should assess the operational impact the results of the test
program have for the system. If requirements were not met, it should address the
consequences for the operational capability of the system and any other additional factors
that could do the same. This provides a conclusion on whether the aircraft is perceived as
operationally capable or if it must be redesigned.
3.5.8

Performance Deficiencies

The Performance Deficiencies section of the Final Testing Report should discuss any
negative performance characteristics of the aircraft discovered during testing. This section was
derived from the ‘Air Force Test & Evaluation Guidebook’ [5]. The deficiencies are noted through
two subsections. Both subsections were interpreted from the Air Force document to apply
generically for sUAS testing as follows.
Deficiency Reports: The Deficiency Reports subsection of Performance Deficiencies should
summarize any deficiencies of the system performance. These are generally negative
features of the aircraft performance at risk of impacting operational capability. This
subsection should include any failed MOEs and other negative characteristics seen during
testing. The deficiencies should be numbered and listed in order of priority. The summary
should include a description of the deficiency, how it can affect operational capability, and the
priority level of the deficiency. This serves to detail what features of the system need to be
improved before it can become a viable product.
Impact Summary: The Impact Summary subsection of Performance Deficiencies should
Summarize the total impact of all the deficiencies on the operational capability of the system.
It should also address whether any of the deficiencies are critical to the system being
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successful or safe and provide a concise conclusion on the impact of the listed deficiencies.
This provides a conclusion that details which aircraft deficiencies must be addressed for it to
become a finished product.
3.5.9

Summary of Conclusions and Recommendations

The Summary of Conclusions and Recommendations section of the Final Testing Report
should summarize the major conclusions of the test program. It should address whether
requirements were met and whether the system is effective and safe to operate.
Recommendations should be made about addressing any deficiencies mentioned earlier. This
provides a concise conclusion on the status of the aircraft design and capability at the time the
test program had concluded.
3.5.10 References
The References section of the Final Testing Report should include any references to
documents used throughout the test program. This ensures all documentation vital to the test
program is mentioned in the Final Testing Report.
3.5.11 Appendix
The Appendix section of the Final Testing Report should include any other figures, tables,
and/or records that were used throughout the test program. Items appended in the Test Planning
Report should be considered to append to the Final Testing Report such as the Test Condition
Matrix and Requirements Traceability Table. This ensures all vital resources are included in the
Final Testing Report so that it may be a standalone document.
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Chapter 4
SUAS PERFORMANCE FLIGHT TEST HANDBOOK

4.1 Introduction
This Chapter contains an approach that will allow any organization, with or without flight test
experience, to safely and effectively conduct a sUAS flight test program for any type of aircraft. It
emphasizes an approach that a commercial or research organization should use if a sUAS
product is being developed, but when applied with discretion, can apply to the recreational
developer also. Whether developing a new system, modifying an existing system, or flying an
aircraft for the first time, it is vital that a flight test program be conducted to determine how the
aircraft performs. This allows the user to understand how the aircraft will behave when it is used
operationally and reduces the risk involved in its use. It also allows the developer to determine
whether the aircraft is suitable for the purpose it was designed and whether it will be a successful
product. This approach covers a set of recommendations for flight testing sUAS and is
accompanied by a set of documentation that should be filled out during the program. For
commercial developers, the documentation allows the flight test program to be transparent for
management and facilitates communication between the flight test team during the program. At
the conclusion of the program, all documentation should be archived so that they can be referred
to if needed later. The documentation is listed in the order of its intended use in the following
sections.

4.2 sUAS Flight Testing Recommendations
This is a list of recommendations for both commercial and recreational developers created by
combining FAA suggestions for manned aircraft development with the experience gained through
the Puma Flight Test Program. These recommendations should be reviewed along with the FAA’s
Advisory Circular 107-2 (AC 107-2) prior to planning or conducting any flight test program. AC
107-2 is the FAA regulations placed on commercial sUAS use and is also the certification
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required to fly sUAS for commercial purposes. These recommendations generally apply to all
sUAS aircraft and flight test activities, but the user should be careful and use discretion to ensure
that the recommendations are applied specifically for the aircraft and tests being conducted.
•

Flight Range Selection: Selecting an appropriate location to flight test the aircraft is one of the
most important considerations to be made when planning the flight test program. The first
factor to consider when choosing a location is the legality of operating a sUAS in that area.
As a commercial developer, it is necessary to abide by the FAA Part 107 regulations
regarding flight for sUAS and these should be fully reviewed and understood before planning
a test. Recreational developers would benefit from following the same regulations though are
bound by a different set of regulations designated by the FAA as Section 336. When
selecting a location, it is important to adhere to the Part 107 regulations on airspace and
operation near uninvolved people (AC 107-2; Sections 5.8, 5.11). Priority should be given to
finding a location in Class G airspace which is uncontrolled, so that operations may be
conducted at the whim of the test team. To operate in any other airspace, authorization must
be obtained from ATC which can cause delays in the test program. It is also beneficial to find
a location that is sparsely populated, as it is against regulation to directly fly over uninvolved
persons that are not under the protection of cover. An easy way to avoid this concern is to fly
in a sparsely populated area, which also has the added benefit of avoiding confrontation with
people who may not enjoy the presence of UAV nearby. It is beneficial to find an area clear of
obstructions that could block the view of the aircraft or interfere with radio communications.
Depending on the type of aircraft, select a location that can support takeoff and landing
operations. If the sUAS lands like a typical aircraft it will likely need a long and level paved or
grass surface to take off and land from. V/STOL (Vertical/Short Takeoff and Landing) aircraft
may not need to make this same consideration so it is important to plan for the specific type
of aircraft being tested. Typically, the best locations to conduct testing activities are
established remote aircraft flight ranges which can be found nearby most populated areas in
the US.
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•

Crew Selection: Selecting a specific crew for the flight test operation is also an important
consideration to make. Recreational developers can operate alone if they remain dedicated
to controlling the aircraft without distraction. To conduct a commercial flight test in a safe
manner, it is recommended to have at least 2 people present, however it is always beneficial
to have more. The following positions are required or recommended for sUAS flight test
operations.
o

PIC (Pilot in Command) or AVO (Air Vehicle Operator): Required position. The PIC/AVO
is responsible for directly controlling the aircraft and/or having the controls within reach at
all times. The PIC/AVO is directly responsible for the actions of the aircraft. For
commercial operations, this person must be Part 107 certified by the FAA and should
have some experience flying remote vehicles (AC 107-2 Section 5.2). If experience is not
an option, practicing on remote flight simulators is recommended before attempting to fly
a UAV for the first time.

o

VO (Visual observer): Required Position. The VO is responsible for monitoring air and
ground traffic and should be briefed on how to do so. This is done by visually scanning
the sky and ground near the area of operation and listening for approaching aircraft
engines. It is often beneficial to have more than one VO if possible. The VO is an
important position because it is vital to ensuring that all Part 107 regulations are heeded
such as giving way to manned aircraft and avoiding operation over uninvolved persons.

o

MO (Mission Observer): Recommended Position. If the sUAS utilizes a separate GCS
(Ground Control Station) from the main controls, the MO is responsible for monitoring the
output. The MO can record parameters by hand and inform the PIC/AVO of aircraft
parameters as the test proceeds.

o

Test Director: Recommended Position. The Test Director oversees that the test
sequence is performed correctly, and the data is recorded adequately. This is an
important because the other positions should be focused on maintaining the safety of the
flight operation.

53

•

Instrumentation: Flight testing for specific metrics often requires that the aircraft be fit with the
corresponding sensors capable of recording the data needed. Not all aircraft will have the
necessary instrumentation as part of their stock sensor suite and additional instrumentation
may need to be added. An essential piece of equipment for conducting sUAS flight tests is a
GPS module. This can report position, altitude, and groundspeed. Other pieces of equipment
that increase the accuracy of recorded data include a pitot static probe, angle of attack
sensor,

current/voltage

sensor,

and

on-board

cameras.

Carefully

consider

what

instrumentation is required to quantify the desired metrics and detail it in the Test Planning
Report.
•

Emergency Plans and Equipment: Whether the purpose is commercial or recreational, it is
important to have emergency plans made and safety equipment in possession before
planning flight test activities. The most probable emergencies include battery fires, wildfires,
damage to property, and injury to people. Having plans to contend with these emergencies is
highly recommended. Emergency service contact information and directions to the test
location should be placed on the Flight Test Card so that the information is readily available
while testing. Bringing the equipment listed below is also highly recommended to mitigate the
risk involved if one of these situations occur.
o

Fire Extinguisher: Required equipment. Should be rated for, and large enough to contend
with battery chemical fires.

•

o

First Aid Kit: Required equipment.

o

Cell Phone or Radio: Required equipment.

o

Safety Glasses: Recommended equipment.

o

Protective Gloves: Recommended equipment.

o

Anemometer: Recommended equipment.

o

Camera: Recommended equipment.

Weather Limitations: Weather tends to be a much larger factor for sUAS as they are smaller
and lighter, and usually not waterproof. This is a factor that applies to both commercial and
recreational sUAS developers. Flight test activities should ideally take place in the calmest
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conditions possible to acquire baseline performance data unless the test specifically requires
other conditions. Weather conditions should be monitored repeatedly as the test approaches.
Visibility should be as specified in AC 107-2 Section 5.10.3 to comply with regulation. To
ensure baseline performance data, it is recommended to organize the flight test to take place
in the early morning after sunrise. This is when the wind tends to be more calm and thermal
circulation above the ground is less likely to occur. This aims to ensure that the recorded data
is not altered by the weather conditions present. It is also important to make sure that the
weather conditions are appropriate for the aircraft being flown. Wind speed and density
altitude should be monitored, otherwise the aircraft may not be able to fly correctly.
•

Current Regulations: Commercial sUAS flight test programs must adhere to the regulations
specified in the FAA’s AC 107-2. These should be thoroughly reviewed and understood
before planning any flight test activity. Recreational developers can adhere to the FAA’s
Section 336 regulations but are recommended to instead adhere to AC 107-2 to increase the
safety of the activity.

•

Pre- and Post-Flight Briefings: For commercial developers operating as a team, a pre-flight
briefing should occur before every flight test. This is where the Flight Test Card should be
distributed to the team and reviewed together. Each person on the team should understand
their role and the sequence of the test activity. A post-flight briefing should also occur after
the flight test is complete. The post-flight briefing should address whether the test objectives
were met, any incidents that occurred, and the plan for the next test flight if applicable.

•

Assembly and Airworthiness Inspections: Assembly and Airworthiness inspections should
occur before and after every flight for both commercial and recreational sUAS developers.
Many sUAS can be disassembled and reassembled to fit a smaller form factor and it is critical
that the points of connection are inspected for integrity between each flight. For commercial
developers, it is recommended to record any findings of inspections made on the aircraft, the
number and length of flights that have been made, and how many times batteries have been
charged (if applicable) in a dedicated logbook. Airworthiness inspections should include the
following checks.
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•

o

Check all propeller surfaces for chips/cracks.

o

Check all assembly points for integrity.

o

Check wing surfaces and airframe for damage (if applicable).

o

Check control surface connection points for integrity (if applicable).

o

Check electrical connections for integrity.

o

Check landing gear wheels rotate, and brakes are functional (if applicable).

Pre-Flight Checks/Tests: Pre-flight checks and tests should be completed prior to every flight,
ensuring basic function of the onboard systems for both commercial and recreational
developers. This can occur at the same time as the Assembly and Airworthiness Inspection.
The following checks should be completed prior to every flight as applicable to the aircraft in
question.

•

o

Check that all control surfaces and landing gear are fully functional (if applicable).

o

Check the propeller is secured properly.

o

Check battery charge or fuel level is adequate for test.

o

Check all electrical connections are sound and exposed wires are clear of props.

o

Check the battery/fuel is secured properly.

o

Check the aircraft weight and balance are acceptable.

o

Conduct a motor test run.

o

Check radio communications range and status.

o

Check weather conditions are appropriate.

Weight and Balance: The Weight and Balance should be confirmed during the Pre-Flight
Checks. They have been included in a new recommendation because of their importance to
the safety of the aircraft. Electric aircraft typically do not have a varying weight, stability, or
centers of gravity during flight as no liquid fuel is consumed. Initial placement of the battery or
payload is usually the biggest factor for electric aircraft. If the aircraft utilizes liquid fuel it is
important to ensure that the fuel tank/s are placed in a fashion that allows the aircraft to
remain balanced throughout the flight. The weight of the aircraft should be checked prior to
the first flight so that the maximum takeoff weight is not exceeded. The Center of Gravity
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(CG) should also be checked prior to every flight to ensure that it is located within the
designed margin for the aircraft. Positioning of the battery, payload, and/or fuel tank will have
a large effect on the CG position. The positioning of the CG will have a large effect on the
stability of the aircraft. Typically for fixed wing aircraft the proper CG is located along the
centerline of the fuselage somewhere within the first quarter of the wing chord (width). The
designer of the aircraft should be referenced for the actual intended position. For helicopters
and multirotors, the proper CG location is typically centered between all rotors. Both the
aircraft weight and the CG placement will influence the stability qualities of the aircraft.
Incorrect placement of the CG could result in dangerous stability characteristics. Depending
on the flight test being conducted, it would be beneficial to include the proper CG location and
maximum takeoff weight for reference under the Watch Items section of the Flight Test Card.
•

First Flights: If the aircraft has never been flown before, the risk associated with the operation
is much greater, whether the developer is commercial or recreational. It is recommended that
the first flight occur in the early morning under calm conditions. All test flights should be
planned out before hand and noted in the Test Planning Report. The risk level can be
reduced by adhering to the following recommendations for the first few flights of the aircraft.
o

Complete all Inspections and Pre-Flight Checks/Tests.

o

Remove unnecessary persons from the operational area.

o

Ensure the test team and anyone else present is aware the flight is occurring.

o

Complete multiple taxi tests (if applicable) to understand the ground handling
characteristics of the aircraft.

o

Have emergency equipment and plans readily available.

o

Ensure the aircraft weight, balance, and center of gravity are appropriate as described in
the section above.

o

First Flight: The first flight of the aircraft should be well rehearsed in the head of the pilot.
Control of the aircraft should almost be second nature at the time of the first flight. A good
way to prepare for the first flight is to fly remote aircraft simulators with a similar aircraft
type following the anticipated flight path of the real flight extensively. Many consumer
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remote transmitters can be plugged into a computer to use with the simulator which will
give the pilot experience with the actual flight controls. When conducting the takeoff roll
or rotor spin up, look for any off nominal behavior from the aircraft (Vibrations, trimming,
balance, etc.). If anything is detected, abort the takeoff immediately. If the aircraft has
retractable landing gear, leave the gear extended for the first few flights. Climb to an
altitude between 200 and 400 feet AGL and trim the aircraft for level flight (if applicable).
Climbing to a higher altitude (but below 400 feet AGL) is recommended during the first
flight because it gives the pilot time to react to responses from the aircraft. Do not
implement any autonomous functions of the aircraft (if applicable). Begin by testing the
aircraft response to inputs along the roll, pitch, and yaw axes. Start with small control
inputs that gradually increase in magnitude. The aircraft response does not need to be
quantified during this test, but the pilot should determine whether the aircraft is stable and
maneuvers as desired along all axes. The stall speed test is important for a fixed wing
configuration, so the aircraft is not stalled during the first landing. If the aircraft has flaps,
start by deploying them in varying degrees to understand how the aircraft behaves and
maneuvers when deployed. Begin the stall speed test in level flight with adequate throttle
and slowly decrease throttle until the aircraft visibly starts to approach a stall. The aircraft
will likely be at a high angle of attack and the wings may start to buffet when approaching
the stall. The pilot should make a mental note and if possible, team members should
make a physical note of the speed when stall signs begin to show. Avoid fully stalling the
aircraft during this maneuver if possible. When this is complete, or if it is not necessary,
the aircraft can be set up to land. Approach the landing at a speed safely higher than the
recorded stall speed (if applicable) and do not over control the aircraft. If the landing
setup does not feel right, it is appropriate to go around and setup again. Keep an eye on
the battery/fuel level if this is done multiple times before landing the aircraft.
o

Following Flights: Prepare for the second flight the same as the first flight. Correct any
discrepancies noted during the first flight and fly the same flight path again with the same
purpose of understanding how the aircraft flies. Keep the landing gear extended for this
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flight as well (if applicable). During the third flight the pilot can begin to explore other
functions of the aircraft, the gear can be retracted, and performance noted. Any other
flights following this should begin to quantify important performance metrics for the
aircraft. Be sure to maintain a safe altitude buffer during maneuvers that could result in
altitude loss like stalls and glides (if applicable). Some examples of typical performance
metrics for fixed and rotary wing aircraft are listed by priority below.
▪

Fixed Wing
Stall Speed: Determine at what speed the aircraft stalls.
Endurance: Determine how long the aircraft can fly before approaching a critical
battery/fuel level.
Motor off Glide Ratio/Angle: Determine how the aircraft glides when no power is
applied.
Rate of Climb: Determine the rate of climb at different throttle applications.
Max Speed: Determine the maximum speed achievable in steady level flight.
Stability: Determine the stability characteristics of the aircraft along each axis.
Rate of Descent: Determine the safe rate of descent for landing.
Takeoff Speed: Determine the typical takeoff speed of the aircraft.
Weight Testing: Determine performance under different takeoff weights (if
necessary).
Autonomous Functions (if applicable): Determine how the aircraft performs when
given ‘autonomous’ flight paths/commands.

▪

Rotary Wing
Endurance: Determine how long the aircraft can fly before approaching a critical
battery/fuel level.
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Rate of Climb: Determine the rate of climb at different throttle applications.
Max Speed: Determine the maximum speed achievable in steady level flight.
Rate of Descent: Determine the safe rate of descent for landing.
Weight Testing: Determine performance under different takeoff weights (if
necessary).
Autonomous Functions (if applicable): Determine how the aircraft performs when
given ‘autonomous’ flight paths/commands.
These are recommendations for the first flights generic small unmanned aircraft. These
tests are meant to quantify performance metrics that should be known to safely operate the
aircraft. They may not apply to all aircraft directly and will need to be modified/chosen by the
user to fit the specific type of aircraft being tested. Additional tests may be added that apply
to specific aircraft and functions, but all must be specified in the test plan and should occur
after the applicable tests above. Refer to the below bullet for further explanation.
•

Planning Further Tests for Specific Aircraft: The tests mentioned above are generally
applicable to both fixed wing and rotary wing aircraft but should be tailored for the specific
aircraft being tested if it has unconventional qualities. When planning further tests it is
important to deeply consider the function of the aircraft and what metrics are applicable for
both commercial and recreational applications. Generally, aircraft are designed to satisfy
some user/system requirements. Satisfying these requirements makes the aircraft effective
for the purpose it was designed. Flight tests should be planned to determine whether the
system requirements are met. The military turns the requirements into metrics called
Measures of Effectiveness (MOEs). By quantifying the system MOEs, the design of the
aircraft can be verified or modified so that it is able to meet the requirements set for it and be
a successful product/aircraft. Quantifying MOEs is an integral part of this sUAS flight testing
approach. A complete example of how this was conducted and documented in the Puma
Flight Test Program is described in Chapter 5.
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4.3 sUAS Test Planning Report
The sUAS Test Planning Report is the first document that should be completed prior to
conducting a flight test program for commercial development. For recreational developers, it is
suggested to use discretion to determine what sections of the report are relevant for their specific
aircraft as it tends to be intensive if the purpose of the aircraft is recreationally based. Despite
this, it is always recommended that a plan for recreational performance tests be made and safety
considerations be made. The Test Planning Report when filled out completely, fully anticipates
the scope of the test program, explains the purpose of testing, and determines what resources
will be required. This allows management of resources and test program transparency for the
organization conducting it. The tests should be planned with the development team and
management during the creation of this document to determine the requirements that must be
met for the aircraft to be effective. The requirements should then be turned into metrics that will
be quantified by the flight test activities referred to as Measures of Effectiveness by the military
industry. It is important to organize the tests in the most efficient manner possible, ideally
measuring data samples for more than one MOE per flight if possible. Flight test activities tend to
be costly but can be reduced if tests are designed properly. Refer to Section E of the Appendix
for the Puma Test Planning Report completed for use in the Puma Flight Test Program. An
instructional template for completing the generic sUAS Test Planning Report can be found in
Section A of the Appendix. It can be filled out by replacing or removing any text that is red. Any
other colored text should be left as is.

4.4 sUAS Flight Test Card
The sUAS Flight Test Card describes test specific information and is the primary document of
reference for instructions and information while the test is being conducted. It is an 8.5” x 5.5”
piece of paper brought by every member of the team to the test location. It can be an 8.5” x 11”
piece of paper that is folded in half. This is a beneficial document to produce for both commercial
and recreational developers. One should be created for each individual flight test and should be
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distributed during the pre-flight brief to the team conducting the test. The pre-flight brief should
consist of a review of the flight test card which contains all the important test information. Team
member positions, weather limitations, Air Traffic Control frequencies, the test sequence, watch
items, and emergencies service contact info should all be included in the test card so that any
resource possibly required for the test can be found. The flight test maneuvers should be
conducted as listed on the Flight Test Card. A post-flight debrief should also be conducted that
reviews whether the test sequence was performed properly and whether enough data was
recorded. Any incidents or additional findings of the flight test should also be mentioned during
the post-flight debrief. One of the two completed Puma Flight Test cards as used in the PFTP can
be found in Section F of the Appendix. An instructional template for creating a generic sUAS
Flight Test Card can be found in Section B of the Appendix. Any text in red should be replaced or
removed. Any other text should be left as is.

4.5 sUAS Quick Look Report
The sUAS Quick Look Report is a short report that should be put together after each flight
test is completed. It is most useful to a commercial sUAS development team but could be a useful
resource for the recreational developer, at their discretion. The Quick Look Report is meant to
concisely report test specific information immediately after a test has been completed and should
ideally be no more than 2 pages long. It includes the weather during the test, the test objectives,
preliminary results of the data analysis, a comparison of MOE results to requirement standards, a
record of all other characteristics seen during the test, and details for the next test. Information
should be recorded during the test so that the Quick Look report can be filled out afterwards. It
requires that a preliminary data analysis be carried out and should include graphical
representations of the MOE results including the associated variation/standard deviation. A short
analysis of the results should be included, and preliminary conclusions made on whether the
quantified MOEs met the standards set by the requirements for the system. The report should
then be disseminated to the test team and management within 2-3 days of the test. If tests occur

62

on consecutive days, it should be delivered before the next test occurs. One of the six Puma
Quick Look Reports as completed for the PFTP can be found in Section G of the Appendix. An
instructional template for a generic sUAS Quick Look Report can be found in Section C of the
Appendix. Any text in red should be replaced or removed. Any other text should be left as is.

4.6 sUAS Final Testing Report
The sUAS Final Testing Report culminates all the findings of the test program and allows for
archival of the results. This is useful to commercial sUAS developers and with discretion could be
useful to recreational developers as it tends to be intensive for recreational flight test activities.
This document is meant to be a complete review of the test program with a much deeper and
conclusive analysis of results than is featured in the Quick Look Report. The Final Testing Report
should be completed after the conclusion of all required flight tests. It should be a standalone
document that when reviewed, provides a complete picture of the flight test program to
uninvolved persons. It covers the scope and purpose of testing, details the results of the
quantified MOEs, concludes whether the original system requirements were met, and notes any
additional characteristics or deficiencies discovered throughout the test program. Each MOE
should be specifically addressed, and conclusions made about whether the requirement was met.
Graphical and tabulated versions of the results should be included for each MOE in the Figures
and Tables sections at the beginning of the document. Any additional notable characteristics of
the system discovered during testing should be included as well as any performance deficiencies.
Performance deficiencies are failed MOEs and any other negative characteristics of the system
that should be addressed to provide an effective system. Conclusions on operational suitability
and safety should be made to aid in management decision making. It is important to provide as
much relevant information as possible in this report. The Final Testing Report should then be
disseminated to the test team and to management for archival. The Puma Final Testing Report as
completed for the PFTP is included in Section H of the Appendix. An instructional template for a
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generic sUAS Final Testing Report is included in Section D of the Appendix. Any text in red
should be replaced or removed. Any other text should be left as is.

64

Chapter 5
VERIFICATION OF APPROACH

5.1 Puma Flight Testing Recommendations
This is a list of recommendations created by taking information found in the review of relevant
literature to this study and tailoring it towards sUAS by applying the experience gained through
the Puma Flight Test Program. These recommendations were formed after the completion of the
Puma Flight Test Program so that the experience of conducting a full sUAS flight test program
could be effectively applied. The Puma Flight Test Program was an effective test program
because both the primary and secondary objectives were achieved in the planned amount of
time. Therefore, this set of recommendations draws its verification as an effective sUAS flight test
resource from its conception through an effective and successful sUAS flight test program. The
recommendations have been included in Chapter 4 and were designed to apply to generic aircraft
of both commercial and recreational purposes (with discretion).

5.2 Puma Test Planning Report
Prior to beginning the Puma Flight Test Program, six metrics of interest were chosen for the
program in collaboration with AFL management. Some were chosen as standard performance
metrics while others were chosen as metrics of interest that the AFL felt would be useful to
quantify. The template of the Test Planning Report released by the Air Force was used to guide
the creation of the Puma Test Planning Report. The Puma Test Planning Report fully plans out
the testing of all six metrics and was submitted to the head of the AFL and the Chief Puma Test
Pilot at the time for approval. This served to provide management with a full view of how the tests
would be conducted and the resources required to do so. This part of the approach derives its
verification as an effective sUAS flight test resource from its use in planning the PFTP. The Puma
Test Planning Report proved effective at planning the program and resulted in the timely
completion of the program taking only the minimum amount of flight tests necessary to quantify
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the desired metrics. This suggests that the sUAS Test Planning Report instructional template is
an effective resource for sUAS performance flight testing. A detailed analysis of the major
sections of the report is included below. The Test Planning Report as completed for the PFTP is
included in Section E of the Appendix.
5.2.1

Executive Summary

The Executive Summary section of the Puma Test Planning Report proved an effective
method to summarize the purpose and plan for the entire Puma Flight Test Program. Located at
the beginning of the document, it was easy to quickly read and understand the scope of the
proposed test program. If management didn’t care to review the entire report, the executive
summary for the Puma Test Planning Report proved detailed enough to provide an understanding
of the proposed program.
5.2.2

Introduction

The Introduction section of the Puma Test Planning Report proved an effective method to
describe the background behind the required testing, the test aircraft, and the test objectives of
the Puma Flight Test Program. The Background subsection of the Introduction concisely
described the background and purpose behind testing the RQ-20 Puma for the AFL in a way that
made it easy to understand why the test program was needed. The Test Item Description was an
important part of the document that detailed characteristics of the Puma aircraft. It proved
effective at describing features of the Puma being tested that are not typical of most sUAS, such
as the deep stall landing procedure. The Test Objectives subsection of the Introduction was also
an effective way to describe the objectives that the test program was proposed to achieve. All
three subsections in combination provide a clear and concise overview of the intentions of the
test program for management and any other recipients of the report.
5.2.3

Test and Evaluation

The Test and Evaluation section of the Puma Test Planning Report proved an effective
method to describe the specifics of the proposed test program. This section consisted of multiple
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subsections that each serve to plan and mitigate risk throughout the program. The subsections
include

Constraints

and

Limitations,

Test

Resources,

Safety

Requirements,

Security

Requirements, Test Project Management, Measures of Effectiveness, Test Procedures, Test
Reporting, and Environmental Protection. The Constraints and Limitations subsection proved
effective at making any regulations and aircraft operational constraints known to the recipients of
the report and is something that applies heavily to the commercial operation of sUAS. The Test
Resources subsection was used to notify AFL management of all resources required to complete
the proposed tests. This was effective because the AFL was then able to provide the required
resources throughout the program allowing it to take place effectively and efficiently. The Safety
Requirements subsection was important for the Puma Flight Test Program because it listed
requirements that should be met in order to maintain the safety of the test operation. By following
the safety requirements, the PFTP was conducted safely without consequence. The Security
Requirements subsection provided an important function by noting the export control on the
Puma’s flight computer and user manual. By noting this in the Puma Test Planning Report, the
PFTP avoided breaking any export regulations. The Test Project Management subsection was
effective at detailing the relationship between the AFL and the author of this study who worked in
conjunction to conduct the PFTP. It clarified the roles personnel and different organizations would
play during the proposed program for the recipients of the report. The Measures of Effectiveness
subsection was proficient at detailing the MOEs to be quantified over the course of the PFTP and
served to notify the recipients of the report how the MOEs were chosen. The Test Procedures
subsection was effective at showing management that the tests had been fully planned and the
step by step instructions for the pilot would result in quantified MOEs for the Puma. The Test
Reporting subsection was used to explain to AFL management how and when the results of the
test would be reported in the form of Quick Look Reports and the Final Testing Report. This
informed management of how and when to expect reports from the program to aid in product
development decision making. The Environmental Protection subsection was effective at
describing the potential environmental consequences of completing the program and described
how the effects would be mitigated. In the PFTP this was used to plan protection methods for the
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herds of cattle that surrounded the EFR. All these sections in combination provided a complete
test plan that would guarantee the success of the PFTP and provide the management structure
with a transparent view of how the program would be conducted.
5.2.4

Appendix

The Appendix section of the Puma Test Planning Report was used to append tables and
descriptions that supplemented the contents of the test plan. The Appendix included subsections
addressing a Test Condition Matrix, Safety/Risk Conditions, Requirements Traceability, a Data
Analysis Plan, an Instrumentation Plan, and a List of Abbreviations. The Test Condition Matrix
supplemented the Test Procedures by listing each test and its parameters for the entire program
in chronological order. This effectively provided management with a timeline for the PFTP that
was successfully achieved. The Safety/Risk Conditions supplemented the Safety Requirements
subsection by listing any possible risk or safety conditions the Puma might encounter during the
program as well as the severity and plans for mitigation. This proved effective for the PFTP even
though none of the conditions were seen because the flight test team was prepared for any that
may have occurred. The Requirements Traceability subsection showed management the
traceability of the specified MOEs from the original system requirements for the Puma and
confirmed the need to perform the proposed testing activities. The Data Analysis Plan was
created to explain how the data collected during the PFTP would be analyzed and reported and
was effective at conveying this to management of the AFL. The Instrumentation Plan was an
important subsection of the Appendix for the Puma Test Planning Report because it specified
what instrumentation would be required to collect the required data so that management could
provide access to it over the course of the program. While the PFTP did not require any external
instrumentation for the Puma, this would be effective for any program that needed to acquire
additional instrumentation/sensors. The List of Abbreviations was used to define any
abbreviations or acronyms used throughout the Puma Test Planning Report so that any recipient
of the report could understand the contents.
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When all planning considerations were brought together to create the Puma Test Planning
Report, the document became a comprehensive and descriptive plan for the entire test program.
It provided management with a transparent view of the test program so that approval for the
proposed testing could be issued. The report facilitated the completion of the program on
schedule and preserved the safety of the Puma as well as the flight test team through the
planning of a low risk flight test program. The entire report was an effective method for planning
the PFTP and therefore should apply to, and do the same for, any generic sUAS test program it is
used to plan.

5.3 Puma Flight Test Cards
The AFL desired to use its own Flight Test Cards that have been developed for use in sUAS
test programs. The AFL was given the test sequences required to obtain data for each MOE
which were then included in the AFL Flight Test Cards. The AFL supplied the Flight Test Cards to
everyone present at the pre-flight briefings where the cards were briefed before the team made
its way to the EFR to conduct the test. Each section on the flight test card was addressed during
the pre-flight briefings. This served to notify the team of their positions for the day, explain the test
sequence, and highlight any important watch items for the test. The Flight Test Card was verified
as an effective sUAS flight test approach resource through its history of use with the AFL. The
AFL uses the cards every time a sUAS flight test is made and hence have tailored the cards for
exactly the purpose this thesis study aims to achieve. The AFL Puma Flight Test Cards proved
effective as the operation was conducted without incident and all the required maneuvers were
conducted as specified so that data could be recorded. Because two different tests were
designed, two different versions of the Puma Flight Test Card were created for the PFTP and one
is included in its entirety in Section F of the Appendix. The AFL Flight Test Cards were then used
to create generic instructional templates for any sUAS test flight. The success of the AFL Flight
Test Cards suggests that the generic sUAS Flight Test Card instructional template is an effective
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resource for sUAS performance flight testing and a detailed analysis of the major sections of the
Puma Flight Test Card is included below.
5.3.1

Test Objectives

The Test Objectives section of the Puma Flight Test Card proved an effective way to list the
test objectives so that the flight test team would be able to reference them during the test.
5.3.2

Test Site

The Test Site section of the Puma Flight Test Card proved and effective and informative way
to list the details of the test location so the flight test team could use it as a reference for the
testing activities being completed.
5.3.3

Personnel

The Personnel section of the Puma Flight Test Card proved an effective way to specify
personnel responsibilities during the test flights and provided a reference for the team as the test
was being conducted. It ensured that every vital position was covered and that every member of
the team knew what their role was for the day.
5.3.4

Aircraft

The Aircraft section of the Puma Flight Test Card served to inform the team of what aircraft
was being tested and allowed a record of the tests performed on the aircraft to be maintained by
referencing the test cards.
5.3.5

Call Sign

The Call Sign section of the Puma Flight Test Card served to provide a reference for the
aircraft call sign in case contact with ATC or nearby air traffic had to be made to comply with
regulation.
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5.3.6

Frequencies

The Frequencies section of the Puma Flight Test Card was an effective way to list the
relevant air traffic frequencies in the test area and provided a reference for the flight test team in
case contact with ATC had to be made to comply with regulation.
5.3.7

Weather Limits

The Weather Limits section of the Puma Flight Test Card was an effective way to list the Part
107 weather restrictions as well as the Puma specific weather limitations. This provided a
reference for the team so that the weather could be monitored during the test in case of
deterioration.
5.3.8

Operation Limits

The Operation Limits section of the Puma Flight Test Card was an effective way to list the
Part 107 operational limits as well as the Puma specific operational limitations. This provided a
reference for the flight test team that allowed the test maneuvers to be monitored so that
operational limits were not broken.
5.3.9

NOTAMs

The NOTAMs section of the Puma Flight Test Card served to inform the team of NOTAMs
issued in the area as well as the current Part 107 NOTAM the aircraft was being flown under.
This provided a reference for the team during the test that ensured the test program would
comply with FAA regulation.
5.3.10 Test Sequence
The Test Sequence section of the Puma Flight Test Card provided a reference for the team
and pilot so that the test maneuvers could be completed as planned in the Puma Test Planning
Report. This ensured that the pilot always had a reference for the commands to give to the
aircraft so that the required data could be collected.
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5.3.11 Watch Items
The Watch Items section of the Puma Flight Test Card provided a reference for the flight test
team that listed voltages and settings of the Puma that needed to be monitored to maintain the
safety of the operation. This proved effective because the Watch Items were always monitored
and never allowed to reach the threshold values.
5.3.12 Phone Numbers
The Phone Numbers section of the Puma Flight Test Card provided a reference for the
contact information of both the management of the AFL and of emergency services. This was
effective because if management needed to be contacted about the test, or if an emergency
arose, the numbers were readily available.
5.3.13 Directions
The Directions section of the Puma Flight Test Card provided a reference for the directions to
the test site. This was effective because if the information was needed in an emergency or to
direct team members, it was readily available on the card.
When all were combined to form the Puma Flight Test card it proved an asset to have in the
field. As the only source of information during the flight tests, it provided vital references that kept
the operation safe, effective, and efficient. Because of the use of the Puma Flight Test Cards, all
the required data was recorded which resulted in the success of the PFTP. The entire Puma
Flight Test Card was an effective resource for conducting the tests in the PFTP and therefore
should apply to, and do the same for, any generic sUAS test program it is used in.

5.4 Puma Quick Look Reports
After every test was completed, a Puma Quick Look Report was created to document the
preliminary results and test conditions. The description provided by the Air Force was used to
create a 2-page document that was filled out with information pertaining to each Puma test. There
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were six tests conducted, so six Puma Quick Look Reports were made and distributed to the
team a few days after each test was completed. This part of the approach was verified as
effective through its use in the PFTP. The reports proved an effective way to disseminate
information and allowed the team to draw preliminary conclusions about the system as the testing
progressed. In addition to the preliminary results of the test, the documents noted any additional
characteristics noticed and any testing incidents that occurred. They featured graphical
representations of the MOE results and make a preliminary conclusion on whether the MOEs
quantified during the test met the original requirements they were derived from. This allows the
development team to start addressing flaws in the design early if it appears a requirement will not
be met. The report also detailed the next test to be completed so that the team would be
prepared and served as a record of information needed to formulate the Puma Final Testing
Report. An example of one of the Quick Look Reports completed for the PFTP can be found in
Section G of the Appendix. The Puma Quick Look Reports were created from generic
instructional templates derived from the Air Force description. The success of the Puma Quick
Look Reports suggests that the generic instructional sUAS Quick Look Report template is an
effective resource for sUAS performance flight testing and a detailed analysis of the major
sections of the Puma Quick Look Reports is included below.
5.4.1

Specific Test Day Information

The Specific Test Day Information section of the Puma Quick Look reports provided a record
of the conditions of the test. This included the date and time, the aircraft, the location, the weather
conditions, involved agencies, and present personnel. All factors were recorded for later analysis
in the Puma Final Testing Report. This proved important for the PFTP because it was eventually
found that the start time and weather tended to have large effects on the consistency of the data
recorded. Because the Puma Quick Look Reports were distributed as soon as possible after each
test was completed, they provided management with records of the same information which could
be useful for reference later.
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5.4.2

Test Objectives

The Test Objectives section of the Puma Quick Look Report described the specific objectives
for each day’s test. This was important to include because the objectives changed when different
MOEs were being tested and it provides a measure of success for that specific flight test. When
distributed to the AFL team and management, the Test Objectives section provided a clear
purpose for the test.
5.4.3

Test Sequence

The Test Sequence section of the Puma Quick Look Report described the sequence that the
tests/runs were completed during the test and their associated pilots. This was important for the
PFTP because it formed a record of the tests completed and the results between different pilots
could either be averaged or analyzed.
5.4.4

Preliminary Test Results

The Preliminary Test Results section of the Puma Quick Look Report graphically represented
the preliminary results of the data analysis for that specific test. This was important because the
graphical representation tends to paint a better picture of the results than just tabulated results
and the differences between individual runs and the total average could be compared for the
Puma.
5.4.5

Preliminary Conclusions

The Preliminary Conclusion section of the Puma Quick Look Report served to provided listed
versions of the MOE results as well as a conclusion on whether the MOEs met the original
system requirements they were derived from. This informed the AFL team and management of
the current operational capability of the aircraft as the testing progressed which allowed for early
decisions about the capability of the aircraft to be made.
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5.4.6

Unrelated Performance Issues

The Unrelated Performance Issues section of the Puma Quick Look Report served to
document any other characteristics of the system that were not quantified as MOEs. This is
important because as the PFTP progressed, more was learned about the operation of the Puma
which needed to be documented. This section was effective at documenting other features of the
aircraft that weren’t the focus of the tests so they could be reported comprehensively in the Puma
Final Testing Report.
5.4.7

Testing Incidents

The Testing Incidents section of the Puma Quick Look Report served to document any
incidents that occurred during the test program. This was effective because the rough landings
associated with the Puma’s deep stall tended to damage the aircraft slightly. By documenting this
damage and the repairs made, management could purchase replacement parts as needed and
the AFL team could reference what repairs needed to be made before the next flight. This is
important for any sUAS and makes it a relevant and useful contribution to the generic sUAS
Quick Look Report.
5.4.8

Next Test

The Next Test section of the Puma Quick Look Report served to describe the next planned
test so that the test team could be prepared for the general purpose of the test and reference the
planned date for it. This is effective because it allows the allocation of personnel to be made
according to who is available or the cancellation the test if not enough crew are available.
When all these sections are combined, a comprehensive description of the results of the test
day is formed. This is valuable because it provides early insight to the performance capabilities of
the aircraft and documents each test day in detail. When distributed to management it provides a
transparent picture of accomplishments of the test. It also allows management to make decisions
about the product development as early as possible which helps to mitigate some risk involved in
the program. The entire Puma Quick Look Report was an effective resource for conducting the
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tests in the PFTP and therefore the template should apply to, and do the same for, any generic
sUAS test program it is used in.

5.5 Puma Final Testing Report
The Puma Final Testing Report was created by taking an Air Force template for the
document and altering it to be relevant to the PFTP. It was delivered to the AFL team for
documentation after all planned flight tests were completed. The data analysis in the Final Report
is much deeper than is featured in the Quick Look Reports and covers all aspects of the flight test
program. This part of the approach draws its verification as an effective sUAS flight test resource
from its use in the PFTP. The Puma Final Testing Report was designed to be a standalone
document so that the purpose and results could be understood without having to be directly
involved in the flight test program itself. It detailed information about how the test program was
organized, the MOEs it quantified, and any other information learned while flight testing the
Puma. It was an effective resource because it allowed for a detailed analysis of each MOE result
which was tied back to whether the original requirements for the system were met or not. This
allowed AFL management and the team to make decisions about the operational effectiveness,
safety, and deficiencies of the Puma. It also included a breakdown of any additional flight
characteristics discovered while testing. If the impact was negative, or if an MOE was failed, it
was reported as a deficiency in the design and the impact of the deficiency along with
recommendations for resolving it were given. The Puma Final Testing report proved to be an
effective way to disseminate all the important information and to conclude the program in a
fashion that allows management to make important decisions about the operation of the Puma.
The Puma Final Testing Report as it was completed for the PFTP can be found in its entirety in
Section H of the Appendix. To format this report, a generic instructional template was created
from the template released by the Air Force and was altered to apply specifically to sUAS. The
success of the Puma Final Testing Report at concluding the program suggests the generic
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instructional sUAS Final Testing Report is an effective resource for sUAS performance flight test
and an analysis of the major sections of the report is included below.
5.5.1

Executive Summary

The Executive Summary section of the Puma Final Testing report provided an overview of
the test program and a description of the contents of the document. Because the Puma Final
Testing Report was designed to be a standalone document, the Executive Summary is vital for
describing a high-level overview of the Puma program and noting the intentions of the entire
document. This was effective because if the Puma Final Testing Report was the only document
read by an external person, the scope and purpose of the test program would be understood.
5.5.2

Figures

The Figures section of the Puma Final Testing Report contained all the graphical
representations of data collected over the course of the program that quantified the MOEs of
interest. A description was added underneath each graph so that some context would be
provided. Placing all the Figures at the beginning of the Puma Final Testing Report allowed AFL
management to rapidly locate the data most vital to the product development.
5.5.3

Tables

The Tables section of the Puma Final Testing Report contained all the tabulated
representations of data collected over the course of the program that quantified the MOEs of
interest. This allows the exact values of the average MOE result and its standard deviation to be
reported. This section supplements the Figures section and the two combined provide all the
results of the MOEs that were quantified. This was effective because all the MOEs results that
were tabulated could be easily located at the beginning of the document.
5.5.4

Abbreviations and Acronyms

The Abbreviation and Acronyms section of the Puma Final Testing Report contained
definitions of all the abbreviations and acronyms used throughout the document. The aerospace
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industry tends to utilize a lot of acronyms and because this document was designed to be
standalone, it is important to include this section for the recipients of the report.
5.5.5

Purpose and Background

The Purpose and Background section of the Puma Final Testing Report contained
subsections addressing the Testing Purpose; the Testing Background; a Description of the
Tested System; and the Test Force, Location, Dates. The Testing Purpose subsection included
the purpose for testing the Puma and was effective at describing it for the purpose of the
standalone report. It provided a reference for the purpose of the entire program that would be the
focus of the report. The Testing Background subsection provided the background behind the
purpose for the test program. This facilitated the standalone nature of the document by providing
a complete explanation of why the program needed to be conducted. The Description of Tested
System subsection provided the same description of the Puma found in the Test Planning Report
which detailed both typical and atypical aspects of the aircraft that should be known to
understand the report. The Test Force, Location, Dates subsection addressed the test force
conducting the PFTP, the location the testing occurred, and the general dates the program took
place between. This provides additional important information for any recipients of the report. All
these subsections in combination provide a complete overview of the scope and purpose of the
test program that facilitate the standalone intention of this document and made this section of the
Puma Final Testing Report a relevant and useful contribution to include in the generic sUAS Final
Testing Report.
5.5.6

Test Description

The Test Description section of the Puma Final Testing Report contained subsections
addressing the Test Objectives, Scope and Method, Planning Considerations and Limiting
Factors, and Business Relationships. The Test Objectives subsection specified the primary and
secondary objectives for the PFTP. This is important to include because these are more specific
than the Testing Purpose section and address each MOE to be quantified by name. The Scope
and Method subsection was a general overview of how the PFTP was conducted and organized.
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This subsection was effective at describing how tests were organized to collect data for multiple
MOEs in the same flight, as well how the data would be recorded and analyzed. The Planning
Considerations and Limiting Factors subsection lists the constraints and limits placed on the test
program by regulation and by the perceived capability of the aircraft. This section was effective at
noting what factors limited the proposed tests for the PFTP. The only test that could not be
conducted was the Radio Range Test because the anticipated range of the Puma was much
farther than the VLOS regulation set by the FAA. The Business Relationships section served to
detail the relationships between the differing entities participating in the PFTP. It was effective at
noting the roles the AFL and the author of this study would play when working in conjunction. This
is important because often different organizations may work together on the same flight test
program with different objectives. When all these subsections are combined, a comprehensive
description of how the tests were conducted is formed.
5.5.7

Operational Effectiveness and Suitability

The Operational Effectiveness and Suitability section of the Puma Final Testing Report
contains subsections addressing the Summary, MOEs, Additional Findings, a Safety
Assessment, an Environmental Impact Assessment, and an Operational Impact Assessment. The
Summary provided an overview of the Operational Effectiveness and Suitability section because
it was the most important section within the Puma Final Testing Report. The Summary addressed
the high-level results of the test program and whether the program was effective at quantifying
the MOEs. The MOEs subsection detailed each individual MOE quantified over the PFTP and its
results. This was effective because it referenced the relevant Figures at the beginning of the
document and provided an analysis for the results of each MOE. The Additional Findings
subsection detailed any additional characteristics of the Puma that were found during the PFTP.
This was important because when testing for specific MOEs, other unknown or unanticipated
characteristics of the system appeared and needed be documented. This occurred multiple times
during the PFTP and this section provided an adequate avenue for documentation. The Safety
Assessment subsection assessed the safety of operating the Puma. This was an effective way to
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report the perceived safety of operating the Puma to the AFL team because it provided a concise
conclusion for the aircraft after being tested extensively. The Environmental Impact Assessment
assessed the impact of operating the Puma on the environment. Because the Puma was electric
and did not have any hazardous materials on board besides the Lithium-Ion battery, this section
was not as significant for the PFTP as it could be for other applications. It was included because it
provides an area to document the environmental impact of other aircraft that may use the generic
template with differing propulsion systems or payloads. The Operational Impact Assessment
assessed the operational capability of the aircraft based on the results of the quantified MOEs
and additional findings. This was one of the most important subsections because it provided a
conclusion about how effective the Puma was at meeting the requirements set for it. This must be
included in the generic template because it provides one of the most important conclusions in the
report. When all the subsections are combined a comprehensive analysis of the aircraft
performance is formed and conclusions can be made about the capability of the aircraft to fulfill its
design.
5.5.8

Performance Deficiencies

The Performance Deficiencies section of the Operational Effectiveness and Suitability
contained subsections addressing Deficiency Reports and an Impact Summary. The Deficiency
Report subsection was used to report the three MOEs that that failed to meet the system
requirements for the PFTP as well as any additional findings that were negative characteristics of
the aircraft. This was an effective way to report the deficiencies of the Puma as they were listed
by priority and included possible ways to fix the deficiencies. The Impact Summary subsection
addresses the impact the deficiencies have on the operational capability of the aircraft. For the
Puma, even though it had multiple deficiency reports, the operational capability was not severely
affected by them. This was an effective way to note that while the aircraft did not perform as
desired, the intended capability of the aircraft is still intact which bodes well for the system. When
these subsections are combined, the Performance Deficiencies section provides an adequate
way to report features of the aircraft that need to be addressed and their impact on the capability
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of the aircraft. This allowed the AFL team to form conclusions and be aware of the deficiencies
that come with operating the Puma.
5.5.9

Summary of Conclusions and Recommendations

The Summary of Conclusions and Recommendations section of the Puma Final Testing
Report provided a comprehensive conclusion about the findings of the entire PFTP. This finished
the report by reiterating whether the MOEs were met and detailed any additional findings that
affected the performance of the aircraft. It included recommendations about the operational use
of the Puma learned through the extensive PFTP. This was effective because the conclusions
and recommendations provided the AFL with quantified performance metrics and knowledge of
previously unknown characteristics of the Puma.
5.5.10 References
The References section of the Puma Final Testing Report contained any references made to
other documents or organizations made throughout the PFTP. This is important because as a
standalone document, the Final Testing Report should include references to any relevant
documents needed to understand the program.
5.5.11 Appendix
The Appendix section of the Puma Final Testing Report contained any figures, tables, and/or
quotes that provide supplemental information for the report. The Puma Final Testing Report
Appendix section included the Requirements Traceability table made as part of the Puma Test
Planning Report so it could be referenced to facilitate the standalone nature of the document.
When all these sections are combined, a comprehensive standalone document is formed that
reported the findings of the entire PFTP. If the AFL chooses to archive this document for their
records, the Puma will never have to be flight tested for these metrics again in the same
configuration. As university research organizations are made of student employees, the turnover
rate for personnel is typically high. When the current AFL personnel move on, this information
would otherwise be lost if not archived. With this document, any new personnel in the future
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should be able to read it and understand how the test program was conducted and what the
performance results were. The success of this report to document the entire PFTP suggests that
the generic instructional sUAS Final Testing Report template it was created from should apply to,
and do the same for, any generic sUAS flight test program.
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Chapter 6
SIGNIFICANCE OF STUDY

6.1 Commercial/Research Development
This study is significant for commercial and research-based developers of sUAS that do not
have access to or experience with aircraft flight test experience. This study has combined
experience from years of manned flight test with experience in a sUAS flight test program with the
RQ-20 Puma to provide a tailored approach for any generic sUAS development. Universities
conducting research and small companies now have access to a resource that wasn’t available
before and should aid in making sUAS development safer and more effective for them. This has
the added benefit of spreading standard flight test knowledge throughout the sUAS development
industry which could speed up technological advancement of sUAS related products.
Conducting flight test activities often comes with increased risk as the system is not yet
proven and if not conducted properly can risk damage to property, people, and/or loss of the
aircraft. This can be detrimental to small research and commercial development organizations
that do not have the funding to support the loss of a test aircraft and continue the program. This
approach should give organizations confidence in their programs by providing a base for testing
that emphasizes safety and efficiency. The documentation facilitates communication within an
organization as it did with the Puma Flight Test Program which is beneficial for a team-based
activity.
Producing documentation while conducting flight tests allows the proceedings to be archived
and referenced if needed later. Many research-based organizations at Universities and small
businesses have high employee turnover rates and the information from the flight test activities
will disappear with them if not properly documented. This ensures the flight tests will only have to
occur once and the information discovered during the program will be preserved.
The approach has been distilled to only include the most relevant information from the
manned flight test industry while maintaining its utility for sUAS. The level of work required to
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produce the documentation and conduct the flight tests is appropriate for an sUAS flight test
program and can be completed by a single dedicated employee, making it a good fit for small
teams to use.
The long-term goal of this study is to produce an approach to flight testing that could be a
standard across the sUAS industry while remaining customizable for any type of aircraft or test
required. The study succeeded in producing a set of instructional templates for documents and
recommendations that are well formulated to achieve this goal. If it is adopted by organizations
without flight test experience, it has the potential to be a very useful resource for creating safe
and effective flight test programs.

6.2 Recreational Development
This study was prominently focused on providing an approach for small companies and
organizations conducting sUAS research and product development, but still can be useful for
recreational developers. This approach includes caveats that might apply to the recreational
developer of sUAS. If reviewed with careful discretion, parts of this approach can be valuable to
recreational developers without flight test experience. Often, loss of a test aircraft or damage to
property is detrimental for the recreational developer also. This approach aims to recommend
certain processes that help mitigate the risk that these may occur. With the absence of any other
resource available for sUAS flight test procedures and recommendations, this study is the best fit
resource for guiding sUAS flight test activities for any aircraft in a safe and effective fashion.

6.3 Future Development
This study was successful at developing the preliminary framework for a standard sUAS flight
test approach. It was further developed through the Puma Flight Test Program with the AFL.
However, the AFL is a dedicated sUAS flight test organization with significant experience that
contributed to the success of the approach and the program itself. In the future, the approach
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should be tested through use in flight test programs with the target audience of the approach
(small companies or organizations without flight test experience and recreational developers).
PolyGAIT, an organization on the Cal Poly campus that specializes in RFID product
development, has plans to use the process to guide their flight test programs in the near future.
PAAC, an agriculture automation research club also at Cal Poly, has sUAS aircraft they plan to
develop for agricultural purposes. The use of the approach through organizations such as these
should be analyzed for effectivity and modified to better provide its target audience with the
instruction required to conduct their research safely and effectively.
The application of this approach to recreational developers should also be further proven by
applied testing. The San Luis Obispo Flyers Club is a private organization that also makes use of
the EFR. It consists of several members that fly various types of purchased and homebuilt sUAS
that could provide suitable test subjects for use of the approach recreationally.
Another suggestion is to turn the developed documentation into semi-automated forms that
can be filled out more rapidly and effectively than they currently can be. Instead of leaving the
creation of the documentation completely up to the user, these forms would allow the user to
have more limited options possibly in the way of drop-down lists, checkboxes, and/or free-fill
areas. An improvement on this would include a database of conditions or test results that makes
the forms more automated.
A final suggestion is to expand the flight test applicability of this approach to apply
additionally to systems/payload and flight/handling qualities. The scope of this study was limited
to performance testing because it provides critical information about the operation of the aircraft
and somewhat applies to the other two categories of flight test previously mentioned. The
expansion of testing applicability will emulate how the Air Force typically tests aircraft and
reduces it from its current widely generic form.
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APPENDICES
A. Generic sUAS Test Planning Report Template
A template for a generic sUAS Test Planning Report is included on the following page of this
section. This is an example of the suggested formatting for a Test Planning Report in practical
use. The following template is a series of images that can be used to formulate the Test Planning
Report for any generic sUAS test program. Any text in red should be removed upon completing
the final version. Any other text should be left as is for effectivity of the template.

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

B. Generic sUAS Flight Test Card Template
A template for a generic sUAS Flight Test Card is included on the following page of this
section. This is an example of the suggested formatting for a Flight Test Card in practical use.
The following template is a series of images that can be used to formulate the Flight Test Card for
any generic sUAS test program. The Flight Test Card should only occupy a single 8.5” x 11”
sheet of printing paper and should have both pages printed on one side with room to fold in half in
the middle. Any text in red should be removed upon completing the final version. Any other text
should be left as is for effectivity of the template.
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C. Generic sUAS Quick Look Report Template
A template for a generic sUAS Quick Look Report is included on the following page of this
section. This is an example of the suggested formatting for a Quick Look Report in practical use.
The following template is a series of images that can be used to formulate the Quick Look Report
for any generic sUAS test program. Any text in red should be removed upon completing the final
version. Any other text should be left as is for effectivity of the template.
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D. Generic sUAS Final Testing Report Template
A template for a generic sUAS Final Testing Report is included on the following page of this
section. This is an example of the suggested formatting for a Final Testing Report in practical
use. The following template is a series of images that can be used to formulate the Final Testing
Report for any generic sUAS test program. Any text in red should be removed upon completing
the final version. Any other text should be left as is for effectivity of the template.
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E. Puma Test Planning Report Example
The series of images beginning on the following page represent the Test Planning Report as
completed for the Puma Flight Test Program. This report can serve as a functional example of the
Test Planning Report and can be used to guide the creation of the document for any generic
sUAS test program.
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F. Puma Flight Test Card Example
The series of images beginning on the following page represent the Flight Test Card as
completed for the Puma Flight Test Program. Each image represents one half of the full page
allocated for the Flight Test Card. It was then folded in half along the seam of the two pages. This
report can serve as a functional example of the Flight Test Card and can be used to guide the
creation of the document for any generic sUAS test program.
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G. Puma Quick Look Report Example
The series of images beginning on the following page represent the Quick Look Report as
completed for the Puma Flight Test Program. This report can serve as a functional example of the
Quick Look Report and can be used to guide the creation of the document for any generic sUAS
test program.
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H. Puma Final Testing Report Example
The series of images beginning on the following page represent the Final Testing Report as
completed for the Puma Flight Test Program. This report can serve as a functional example of the
Final Testing Report and can be used to guide the creation of the document for any generic sUAS
test program.
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